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PR  KFAC'K 


1  HAVE  undertaken  the  writing  of  this  bonk  as  a  result  of  many 
re(}uests  for  a  modern  presentation  of  accepted  pathological  tech¬ 
niques.  Technical  methods  are  constantly  changing  in  pathology  as 
in  other  branches  of  science.  The  wisest  jilan  in  issuing  a  book  like 
this  seems  to  be  to  retain  the  best  of  the  past  and  to  add  only  the 
most  promising  methods  of  the  present. 

This  book  is  not  an  encyclopedia  of  methods  presented  his¬ 
torically.  Instead,  it  is  a  selection  of  those  formulas  that  practical 
experience  has  shown  to  be  of  value.  It  is  intended  for  pathologists 
in  hospital  laboratories  and  medical  schools,  for  students  and  prac¬ 
titioners  interested  in  [Pathology,  and  for  technicians  trained  in 
that  line  of  work. 

The  ideal  function  of  the  technique  of  pathological  histology  is 
so  to  fix  tissues  for  microscopic  examination  that  every  tissue  ele¬ 
ment  and  pathological  product  is  perfectly  preserved  with  all  its 
morphological  and  chemical  properties  intact,  and  so  to  stain  tissues 
that  the  various  structures  present  can  be  readily  differentiated 
from  each  other.  In  certain  respects  only  has  this  ideal  been 
reached,  but  the  number  of  differential  stains  is  increasing  yearly. 

.\  pathologist’s  work  is  of  two  types — the  practical  and  the 
ideal — and  the  former  is  much  the  more  abundant  and  time-consum¬ 
ing.  He  has  to  take  tissues  as  they  come  and  do  the  best  he  can 
with  them.  And  always  there  is  a  rush  to  get  them  done.  In  spite 
of  these  drawbacks  he  should  always  have  in  mind  his  ideal — ab¬ 
solutely  fresh  tissue  perfectly  fixed  in  various  reagents  and  stained 
by  the  best  methods.  Then  his  work  becomes  a  joy  and  he  can  de¬ 
vote  himself  with  pleasure  to  the  study  and  interpretation  of  the 
lesions  present  because  he  has  given  himself  every  opportunity 
to  understand  them. 

I  am  greatly  indebted  to  a  number  of  people  for  assistance  and 
advice  in  the  preparation  of  this  book,  small  as  it  is,  and  desire  to 
express  here  my  obligations,  especially  to  Dr.  Frederic  Parker,  Jr., 
Dr.  G.  Kenneth  Mallory,  Mrs.  Carol  F.  Mallory  and  Miss  Lillian 
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M.  Leavitt.  Information  on  special  topics  was  kindly  furnished 
by  Drs.  T.  Leary,  A.  B.  Hastings,  M.  A.  Logan,  S.  B.  Wolbach,  H. 
L.  Weatherford,  L.  Alexander,  H.  Pinkerton,  S.  Warren,  and  Miss 
Margaret  Doherty.  The  diagrammatic  illustrations  were  drawn  by 
Miss  Elizabeth  Henrich. 

My  indebtedness  to  the  following  textbooks  must  also  be 
acknowledged : 

Conn,  H.  J.:  Biological  Stains,  W.  F.  Humphrey  Press,  Inc., 
Geneva,  N.  Y.,  1936,  Ed.  3. 

Stitt,  E.  R.:  Practical  Bacteriology,  Blood  Work  and  Animal 
Parasitology,  P.  Blakiston’s  Son  and  Co.,  Philadelphia,  192  7,  Ed.  8. 

Simmons,  J.  S.:  Laboratory  Methods  of  the  United  States  Army, 
Lea  and  Febiger,  Philadelphia,  1935,  Ed.  4. 

iSIcClung,  C.  E.:  Handbook  of  Microscopical  Technique,  Paul 
B.  Hoeber,  Inc.,  N.  Y.,  1937,  Ed.  2. 

Lee,  B.:  Microtomist’s  Vade-Mecum,  P.  Blakiston’s  Son  and 
Co.,  Philadelphia,  1928,  Ed.  9.  • 

Romeis,  B.:  Taschenbuch  der  Mikroskopischen  Technik,  R. 
Oldenbourg,  Miinchen  and  Berlin,  1932,  Ed.  13 — an  invaluable 
storehouse  of  histological  methods. 

Frank  Burr  Mallory. 
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Pathological  Technique 

PART  I.  (;KXKRAT  ALVrKRlALS  AND  inS'I'()L()(;iC'AL 

AIK'mODS 

CHAPTER  I 

LABORATORY  EQUIPMENT 
1.  GENERAL  EQUIPMENT 

The  modern  pathological  laboratory,  especially  if  connected  with 
a  hospital,  requires  in  its  outfit  a  considerable  number  of  instruments 
and  utensils  for  the  various  kinds  of  work  that  must  be  performed. 
It  is  not  the  function  of  this  book  to  appraise  the  relative  merits  of 
the  different  microscopes,  microtomes  or  other  instruments.  The 
only  suggestion  that  can  be  given  is  to  obtain  the  best  disinterested 
advice  available  before  buying. 

A  few  hints  in  regard  to  quarters  and  furnishings  may  be  found 
useful  in  equipping  a  laboratory.  Rooms  intended  for  microscopic 
work  should,  if  possible,  face  the  north  so  as  to  obtain  the  best 
light.  The  windows  should  be  wide  and  should  extend  to  within 
6  inches  of  the  top  of  the  desk.  The  panes  of  glass  should  be  large, 
2R-  to  3  feet  wide,  so  as  to  offer  no  obstruction  to  the  light.  Window 
desks  should  run  the  length  of  the  room  and  be  2  feet  wide  and 
30  inches  above  the  lloor.  Shallow  drawers,  3  inches  deep,  are  con¬ 
venient  and  useful  at  the  center  desks,  and  deeper  drawers  and 
cupboards  can  be  placed  at  convenient  points.  The  desks  should 
be  set  1  foot  away  from  the  wall,  leaving  space  for  the  heating 
apparatus,  pipes  for  gas  and  compressed  air,  and  electric  wires. 
Over  this  foot-wide  space  should  be  a  shelf  elevated  6  inches  above 
the  desk  and  closed  in  front.  On  this  elevation  it  is  advisable  to 
put  the  necessary  outlets  at  convenient  points.  The  shelf  is  also 
u.seful  for  holding  microscope  cases,  bottles,  and  other  articles. 
The  desk  top  and  shelf  should  be  stained  black  by  the  aniline  hydro¬ 
chloride  process  so  that  they  will  not  be  marred  by  si)illed  lluids. 
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The  floor  is  best  covered  with  linoleum,  which  can  be  strongly 
recommended  as  it  is  easy  on  (he  feet  and  saves  many  a  dropped 
slide  or  piece  of  glassware  from  breaking. 

Rooms  furnished  with  desks  in  front  of  the  windows  need  to  be 
heated  with  care.  The  heat  should  escape  in  front  of  the  windows, 
between  them  and  the  desks,  so  as  to  counteract  the  cold  coming 
through  the  glass,  not  below  the  desks  to  come  around  the  feet  or 
up  in  the  face,  an  intolerable  condition.  The  heating  unit  itself 


Fig.  1. — Laborator>'  sink  showing  arrangement  of  water  outlets;  also  overhead  light, 
shelf  with  support  for  inverted  graduates  and  peg  hoard  for  glassware. 


should  be  enclosed  so  as  to  prevent  the  escape  of  more  than  a 
moderate  amount  of  heat. 

The  sink  should  be  made  of  soapstone  (Fig.  1).  One  of  con¬ 
venient  size  extends  3  feet  above  the  floor  tmd  measures  5  by  2  VI 
feet,  with  a  depth  of  8  inches.  The  back  wall  extends  up  2  feet 
higher  and  has  a  6  inch  shelf  at  the  top.  The  sink  itself  measures 
inside  2  feet  square  and  should  be  provided  with  an  overflow  outlet 
6  inches  above  the  bottom,  d'he  rest  of  the  s[)ace  is  occu[)ied  by  a 
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sloping,  grooved  drain  shelf.  The  baek  wall  o\'er  the  sink  is  pro¬ 
vided  with  a  faucet  in  which  hot  and  cold  water  can  be  mixed.  Run¬ 
ning  water  for  washing  specimens,  which  have  been  fixed  in  Zenker’s 
or  other  solutions,  is  most  easily  supjilied  by  a  water  [upe  furnished 
with  numerous  cocks  5  to  10  cm.  apart  placed  horizontally  above 
the  draining  shelf  adjoining  the  sink.  Attached  to  each  cock  is  a 
rubber  tube  with  a  glass  tube  at  the  end  long  enough  to  reach  to 
the  bottom  of  a  jar.  By  this  arrangement  the  amount  of  water 
supj)lied  to  each  specimen  can  be  easily  regulated.  Above  the  sink 
is  an  electric  light  and  above  this  a  shelf,  on  the  under  surface  of 
which  is  a  holder  for  inverted  graduates. 

Other  furnishings  required  are  wall  shelves  10  inches  deep  with 
shelves  spaced  12  inches  apart,  stools  and  chairs  (those  intended 
for  microscoj:)ic  work  revolving,  adjustable  as  regards  height  and 
inclination,  and  cushioned),  tables,  writing  desk,  cabinets  for  books, 
slide  boxes,  fding  cabinets,  and  so  on. 

2.  THE  MICROSCOPE 

The  most  important  laboratory  instrument  is  the  microscope.  It 
should  be,  so  far  as  means  will  permit,  the  best  that  skill  can  pro¬ 
duce.  Excellent  microscopes  are  manufactured  in  this  country  as 
well  as  abroad. 

The  standard  microscope  of  today  is  regularly  equipped  with  all 
the  necessary  essentials,  namely  coarse  and  fine  adjustment,  quad¬ 
ruple  nosepiece,  Abbe  illuminating  apparatus  and  iris  diaphragm. 
'I'he  best  objectives  and  eyepieces  are  expensive.  The  achromatic 
lenses  are  perfectly  serviceable  and  all  that  are  necessary  for  the 
beginner.  The  apochromatic  lenses  are  preferable,  especially  for 
the  expert,  if  they  can  be  afforded,  and  for  microphotography  they 
are  practically  indispensable.  The  powers  required  are  low  (X  10), 
medium  (X20),  and  high  ( X  40 )  in  the  dry  series,  and  much 
higher  in  the  oil  immersion  lens  (X  90).  These  various  objectives 
will  give  with  the  use  of  a  low  eyepiece  magnifications  of  approxi¬ 
mately  50,  100,  200  and  450  diameters.  The  magnifications  can  be 
increased  by  using  higher  eyepieces,  of  which  a  series  of  two  or  more 
is  advisable.  Beginners  as  a  rule  tend  to  use  too  high  magnifica¬ 
tions. 

d'he  oil  immersion  lens  should  always  be  cleaned  after  using  by 
wiping  off  the  oil  with  the  fine  lens  paper  manufactured  for  that 
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purpose.  If  the  lens  is  sticky  moisten  the  paper  with  xylol  or  benzol. 
The  same  process  can  be  used,  if  necessary,  for  the  dry  lenses. 
Ordinarily,  breathing  on  the  lens  and  wiping  with  lens  paper  is 
sufficient. 

A  mechanical  stage  can  be  obtained  for  almost  any  type  of 
microscope  and  can  be  readily  attached.  It  is  exceedingly  useful 
for  blood  counting  and  for  searching  carefully  the  whole  area  of  a 
stained  coverslip  or  section. 

For  drawing,  the  Abbe  camera  lucida  will  be  found  extremely 
useful  and  convenient.  Much  use  is  also  made  of  a  vertical  projec¬ 
tion  apparatus  for  the  same  purpose,  especially  when  only  outline 
drawings  are  required.  For  fine  details  it  is  not  so  useful. 

The  best  illumination  for  microscopic  work  is  that  obtained  from 
a  white  cloud,  although  for  some  purposes  the  light  that  filters 
through  a  white  curtain  on  which  the  sun  is  shining  is  very  useful, 
especially  with  the  higher  powers  of  the  microscope.  The  use  of 
artificial  illumination  is  steadily  increasing.  Its  advantages  are  that 
it  is  always  available,  constant  in  amount,  and  the  intensity  can  be 
regulated.  Electric  lamps  of  various  design  are  used  almost  exclu¬ 
sively  for  the  source  of  illumination  and  new  forms  are  constantly 
appearing.  It  is  advisable  to  examine  the  latest  designs  before 
making  a  selection.  Artificial  illumination  requires  light  filters, 
either  globes  filled  with  colored  liquids,  or  sheets  of  colored  glass. 
In  addition  a  rheostat  to  control  the  degree  of  illumination  is  recom¬ 
mended. 

In  using  the  Abbe  illuminating  apparatus  it  is  important  to  bear 
in  mind  that  the  best  results  are  obtained  by  employing  the  plane 
mirror,  for  the  condenser  is  designed  for  parallel  rays  of  light.  The 
concave  mirror  is  to  be  used  only  when  some  near  object,  such  as 
the  window  frame,  is  refiected  into  the  field  of  vision,  or  when  arti¬ 
ficial  light  is  employed. 

Dark-field  illumination  is  used  in  a  pathological  laboratory 
chiefly  for  the  examination  of  secretions  and  tissues  for  spirilla  and 
spirochetes,  especially  the  Tre poncma  pallidum.  The  instruments 
required  are  a  good  microsco])e,  strong  artificial  illumination,  and 
a  dark-field  condenser  wliich  is  slipped  into  the  microscope  in  place 
of  the  Abbe  condenser.  It  is  very  convenient  and  time-saving  to 
have  a  microscope  set  up  and  used  for  this  jiurpose  only. 

.4  dark-field  condenser  blocks  out  the  center  rays  of  light  coming 
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to  it  whiU'  the  peripheral  rays  are  directed  from  the  sid(‘  against 
any  object  present  so  that  it  appears  bright  on  a  dark  background. 

Light  rays  \ibrate  in  all  directions.  Polarization  is  the  process 
of  excluding  all  rays  excepting  those  vibrating  in  one  plane.  'Phis 
is  accomidished  by  the  use  of  Nicol  jirisms.  d'hese  are  cleavage 
rhombohedrons  of  transi)arenl  calcite  (Iceland  spar)  which  arc  cut 
diagonally,  the  cut  surfaces  ])olished,  and  then  cemented  together 
with  Canada  balsam.  Light  rays  entering  the  prism  below  are  for 
the  most  part  refracted  by  the  Canada  balsam,  d’he  only  rays  that 
can  penetrate  the  balsam  and  emerge  at  the  upi^er  surface  are  those 
vibrating  in  a  single  plane. 

The  polariscopic  microscope  is  fitted  with  a  Nicol  prism  below 
the  condenser  (the  jiolarizer)  and  a  second  (the  analyzer)  in  the 
eyepiece.  They  are  so  arranged  that  the  plane  of  vibration  of  light 
emerging  from  the  analyzer  is  at  right  angles  to  the  plane  of  vibra¬ 
tion  of  light  emerging  from  the  polarizer.  Thus  when  the  two  Nicols 
are  crossed  in  the  path  of  light,  the  field  is  dark. 

Crystalline  substances  other  than  iso-axial  crystals  are  doubly 
refractive  (anisotropic).  When  introduced  between  the  Nicol 
prisms,  /.  c.,  on  the  stage  of  the  microscope,  they  break  the  polariza¬ 
tion  and  are  visible  as  bright  white  bodies  in  the  dark  field.  Sub¬ 
stances  with  a  single  index  of  refraction  ( isotropic )  do  not  interfere 
with  the  polarization  and  are  invisible  in  the  dark  field. 

Differences  in  the  degree  of  birefringence  of  crystals  may  be 
determined  by  exacting  and  rather  complex  measures.  From  the 
practical  medical  standpoint  the  relatively  simple  procedure  of 
identifying  certain  characteristic,  doubly  refractive  substances  usu¬ 
ally  suffices.  The  most  important  of  these  substances  are  cholesterol 
and  its  esters,  and  silica  and  its  comj:)Ounds. 

Cholesterol  in  the  juire  state  aj'ipears  in  the  typical  fiat  plates 
with  notched  edges.  C'rystals  tend  to  occur  in  fused  masses  in  most 
locations  in  the  body,  r.  g.,  arteries  in  atherosclerosis,  organizing 
exudates,  and  sri  on.  The  ester  forms  are  met  with  constantly  in 
the  cells  of  the  adrenal  cortex,  and  frecjuently  in  fatty  liver  cells 
(particularly  in  cirrhosis),  in  monocytes  in  xanthomas,  xanthomat¬ 
oses,  Schiiller-Christian’s  disease,  the  lesions  of  atherosclerosis  and 
others.  They  occur  in  flro[)lets  and  are  seen  as  bright,  tetrad-like 
spherical  bodies  with  Maltese  cross  markings — the  so-called  Huid 
crystals  of  I.ehmann. 
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Significant  silica  deposits  in  the  tissues  occur  in  the  form  of  pure 
silica  or  of  silicates.  In  addition  to  pure  silica,  serecite  (a  silicate) 
is  accused  of  the  production  of  silicosis.  The  silica  particles  respon¬ 
sible  for  the  fibrosis  characteristic  of  this  disease  are  those  that  are 
less  than  10  ju.  in  diameter  and  particularly  those  less  than  5  /x.  The 
crystals  are  visible  in  lung  sections  as  minute  bright  points  or  rodlike 
structures  in  the  dark  field. 

In  the  disease  asbestosis,  elongated  needle-like  crystals  of  as¬ 
bestos  (a  silicate)  of  varying  lengths  are  found  in  the  lung  lesions. 
They  are  usually  encrusted  with  brownish  degeneration  products  of 
the  silicate  and  are  relatively  so  large  and  characteristic  (“asbestosis 
bodies”)  that  resort  to  polariscopy  is  not  necessary  for  their  iden¬ 
tification. 

Quantitation  of  the  silica  in  lung  tissue  is  determined  by  ashing 
random  samples  of  the  lung  and  by  making  a  chemical  examination 
of  the  residue. 

Estimating  the  silica  content  of  dusts  is  a  complex  problem,  re¬ 
quiring  identification  and  exclusion  of  other  anisotropic  substances 
which  may  be  present  even  in  granite  dust.  For  this  purpose  the 
degrees  of  birefringence  of  the  contaminating  crystals  are  ascer¬ 
tained  by  suspending  samples  of  the  dust  in  fluids  of  known  indices 
of  refraction.  This  procedure  requires  a  technical  knowledge  of 
petrography,  and  is  beyond  the  purposes  of  the  present  publication. 

A  mica  diaphragm  in  the  substage  above  the  polarizer  makes  it 
possible  to  study  color  production  which  depends  on  the  amount  of 
separation  of  light  rays  as  they  pass  through  anisotropic  substances. 
The  greater  the  birefringence  the  brighter  the  colors.  Observation 
of  color  changes  is  of  value  in  corroboration  of  other  evidence  of 
the  degree  of  birefringence  of  mineral  substances. 

3.  THE  MICROTOME 

Three  different  types  of  microtome  are  required  in  laboratory 
work.  They  are  known  as  the  rotary,  sliding  and  freezing  micro¬ 
tomes.  Each  has  its  own  special  field  of  usefulness. 

Rotary  Microtome. — Although  paraffin  sections  can  be  cut  on 
a  sliding  microtome,  especially  on  the  precision  model  designed  by 
Minot,  it  is  ordinarily  preferable  to  have  an  instrument  intended 
primarily  for  this  purpose.  The  Minot  rotary  microtome  is  the 
model  preferred  in  this  country  and  several  ditferent  models  are 
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available.  'I'lie  main  (lualifications  to  be  sought  arc  simplicity  of 
design,  rigid  construction,  hea\’y  base  to  gi\’e  stability,  and  universal 
ball-and-socket  specimen  clamp  with  one  screw  only. 

Sliding  Microtome. — d'here  are  two  types  of  sliding  microtome, 
one  in  which  the  object  can  be  raised  by  a  screw,  and  another  in 
which  the  object  is  raised  by  being  moved  up  an  inclined  plane. 
I'he  first  type  of  machine  is  the  better  for  two  reasons:  the  screw 
affords  greater  accuracy  in  the  even  elevation  of  the  object  than  is 
jiossible  with  an  inclined  plane,  and  the  object  remains  at  all  times 
in  the  same  relati\'e  position  with  regard  to  the  knife,  so  that  an 
equally  long  sweej)  of  the  blade  can  be  obtained  for  every  section. 
Several  models  of  this  type  of  instrument  are  available  and  can  be 
highly  recommended  for  practical  laboratory  work.  More  elaborate 
machines  are  manufactured  and  are  useful  for  special  purposes, 
such  as  cutting  large  sections  of  the  brain  or  other  organs. 

-Another  type  of  sliding  microtome,  the  precision,  in  which  the 
knife  remains  fixed  and  is  clamped  at  both  ends,  while  the  object 
holder,  which  is  raised  by  a  screw,  moves  back  and  forth  beneath 
the  knife,  was  designed  by  Dr.  C.  S.  Alinot  and  is  manufactured  in 
this  country.  It  is  intended  for  both  celloidin  and  paraftm  work 
and  is  very  useful  for  certain  purposes.  The  knife  can  be  set 
obliquely,  or  at  right  angles  to  the  long  axis  of  the  machine. 

-A  dropping-bottle  on  an  elevated  stand,  with  screw  arrangement 
for  regulating  the  amount  of  alcohol,  is  the  most  convenient  method 
for  keeping  the  object  and  the  knife  wet  while  cutting  celloidin 
sections.  For  this  purpose  80  per  cent  alcohol  should  be  used. 

Freezing  Microtome. — Several  types  of  freezing  microtome  are 
obtainable.  The  simplest  makes  use  of  a  short,  broad,  chisel-like 
blade  for  cutting  sections  but  is  rarely  used  nowadays.  The  more 
complicated  and  satisfactory  models  employ  a  short  microtome  knife 
moved  by  a  handle  obliquely  over  the  surface  of  the  freezing  box 
which  is  automatically  elevated  after  each  section  is  cut. 

Freezing  by  means  of  the  evaporation  of  ether,  more  rarely  of 
rhigolene,  was  originally  the  method  in  general  use.  The  process 
was  both  expensive  and  slow.  -A  much  cheaper  and  more  rapid 
method  of  freezing  was  originated  many  years  ago  in  the  Patho¬ 
logical  Laboratory  of  the  Harvard  Medical  School  by  Dr.  S.  J. 
Alixter,  and  has  since  been  universally  adopted.  This  method  con¬ 
sists  in  the  employment  of  camipressed  carbon  dioxide  which  is 
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obtained  coniincrcially  in  iron  cylinders,  each  ordinarily  containing 
about  20  pounds  of  licpiefied  gas.  It  is  commonly  used  for  charging 
beer  and  soda  water.  As  a  rule  the  cylinders  are  loaned  so  that  it 
is  necessary  to  pay  for  the  contents  only. 

The  cylinder  should  be  securely  fastened  in  an  upright  position 
near  the  microtome,  with  its  valve  end  below,  and  with  its  escape 
tube  on  a  level  with  the  entrance  tube  into  the  freezing  box.  In 
this  position  tluid  carbon  dioxide  escapes  through  the  outlet  and 
acts  much  more  quickly  and  effectively  than  when  the  container  is 
placed  in  a  horizontal  position,  or  with  the  outlet  at  the  to[j,  and 
simply  compressed  gaseous  carbon  dioxide  escapes.  The  cylinder 
is  connected  with  the  freezing  microtome  by  means  of  a  Ilexible 
metallic  tube  provided  with  a  valve.  The  first  time  the  cylinder  is 
used  for  freezing,  a  little  water  may  escape,  causing  considerable 
sputtering.  In  freezing,  the  valve  should  be  turned  carefully  so  that 
the  gas  may  escape  slowly  and  evenly.  Tissues  fixed  in  alcohol  or 
any  other  reagent,  with  the  exception  of  formalin,  must  be  washed 
in  running  water  for  several  hours  before  they  can  be  frozen.  Even 
for  tissues  fixed  in  formalin,  washing  in  water  for  10  to  30  minutes  is 
advisable  as  better  sections  can  then  be  obtained. 

Small  cylinders  containing  about  5  pounds  of  compressed  carbon 
dioxide  are  obtainable  and  are  convenient  for  use  at  operations 
outside  the  hospital  when  an  immediate  diagnosis  by  means  of  frozen 
sections  is  to  be  made.  Each  tank  provides  enough  gas  for  two  or 
three  freezings. 

Microtome  Knives. — Various  sorts  are  required  for  the  three 
different  tyj^es  of  microtome  in  general  use.  The  knives  for  both 
the  sliding  and  the  rotary  microtome  should  be  heavy  and  not  too 
long,  so  as  to  afford  as  great  rigidity  as  possible,  and  should  be  bi¬ 
concave.  A  knife  that  is  only  slightly  or  not  at  all  biconcave  re¬ 
quires  a  honing  back,  a  slotted  steel  tube  which  is  slipped  over  the 
back  while  it  is  being  honed.  Elaborate  automatic  knife  shar[)eners 
are  available  but  are  expensive  and  not  really  necessary.  It  is 
important  that  everyone  who  does  much  work  in  a  pathological 
laboratory  should  learn  to  sharpen  his  own  knives.  The  reciuisite 
skill  is  not  difficult  to  ac(|uire  and  the  time  spent  in  learning  is  fully 
compensated  for  by  having  a  sharp  knife  in  good  condition  when  it 
is  needed. 

Eor  honing  (  h'ig.  2)  a  knife,  either  a  fine  yellow  Belgian  water 
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sloiu'  or  a  glass  plate  with  diamantine  and  X'ienna  chalk  may  be 
used.  A  very  hue  carborundum  “hO  seconds”  stone  that  is  now 
made  is  adxisable  for  removing  nicks.  In  honing,  the  edge  of  the 
knife  shoidd  be  forward  and  the  motion  from  heel  to  toe.  'I'he 
knife  should  always  be  turned  on  its  back  and  the  i)ressnre  should 
at  all  times  be  rather  light. 


Fig.  2.—  Diagram  of  the  direction  of  tlie  movements  of  the  knife  in  honing. 

In  stropping  (Fig.  o),  the  movement  is  reversed.  The  back  of 
the  knife  necessarily  precedes  the  edge  and  the  motion  is  from  toe  to 
heel.  The  direction  of  the  movements  in  honing  and  stropping  is 
best  illustrated  by  diagrams.  The  condition  of  the  cutting  edge  can 


Fig.  3. — Diagram  of  the  direction  of  tlie  movements  of  the  knife  in  stroi)ping. 

be  examined  by  carefully  drawing  the  knife  flatwise  across  the  low 
power  field  of  (he  microscoj^e.  When  the  knife  is  properly  shtirp- 
ened  the  edge  is  smooth  ;ind  even,  without  nicks.  A  razor  strop 
jxiste  greatly  fticilittites  the  smoothing  of  the  knife  edge  in  stropping. 

Rtizor  bhides  for  cutting  itartiffm  sections  are  inv;ilu;ible  for 
routiiu'  work  in  ti  ptithological  labortitory  ;is  cttlcified  foci  ;ire  com- 
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nion  in  tissues.  If  the  blade  becomes  dull  or  is  nicked  it  is  easily 
replaced  by  a  new  one.  All  that  is  required  is  a  rigid  razor  blade 
holder  that  can  be  shifted  sufficiently  laterally  so  that  use  can  be 
made  of  the  whole  of  the  cutting  edge  of  the  blade,  not  of  the  center 
only. 

Microtome  knives  are  advisable  for  the  best  work.  They  should 
be  restricted,  however,  to  soft  tissues  that  have  been  proved  to  be 
free  of  deposits  of  lime  salts. 

4.  OTHER  APPARATUS 

Paraffin  Oven. — The  best  oven  for  keeping  paraffin  at  a  con¬ 
stant  temperature  is  one  of  suitable  size  with  a  hot  water  jacket, 
such  as  that  used  for  growing  cultures  of  bacteria.  The  paraffin  is 
kept  in  it  on  shelves  in  glass  dishes  of  various  sizes.  The  tem¬ 
perature  should  be  from  52°  to  54°  C.  for  ordinary  use.  The  ad¬ 
vantages  of  this  method  over  the  old  way  of  using  copper  cups  set 
into  the  top  of  a  water  bath  are  that  the  paraflni  is  kept  free  from 
dust,  each  worker  can  have  his  own  set  of  dishes,  and  the  smallest 
bits  of  tissue  can  be  readily  found  in  them  because  they  are  trans¬ 
parent. 

Various  other  utensils  and  instruments  are  required  in  a  labora¬ 
tory  and  will  be  described  briefly  or  only  mentioned. 

Centrifuge. — Its  chief  use  in  pathology  is  to  centrifuge  fiuids 
( exudates  and  transudates)  in  order  to  concentrate  any  cellular  com¬ 
ponents  that  may  be  present.  The  sediment  thus  obtained  can  then 
be  cut,  stained,  and  examined  for  the  presence  or  absence  of  tumor 
cells.  For  this  purpose  a  centrifuge  capable  of  taking  centrifuge 
tubes  of  250  to  500  cc.  capacity  is  best.  It  should  have  a  speed 
of  about  2000  to  ,5000  revolutions  per  minute. 

Other  Instruments. — Amputation  knives  are  useful  for  cutting 
up  tissues  and  trimming  specimens.  The  biconcave  type  is  more 
easily  sharpened.  Thin,  double-edged  brain  knives  of  different 
sizes  have  many  uses  and  one  great  advantage.  With  them  a  fiat, 
even  cut  surface  is  readily  obtainable.  The  same  is  true  for  the 
band-saw  in  cutting  bones  or  calcified  tumors.  Small  blocks  of 
these  tissues  intended  for  decalcifying  and  embedding  are  best  cut 
into  small  ifieces  with  a  jeweler's  saw  which  uses  very  thin  blades. 
The  tissue  adjoining  the  cut  is  less  lacerated  than  with  a  coarse 
saw  of  any  type. 
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Scalpels,  cartilage  knives,  scissors  and  forceps  of  different  sizes 
find  many  uses. 

Section  lifters  (commonly  called  “s|)atulas”)  of  various  sizes 
are  needed.  'Fhey  should  be  thin,  smooth,  Ilexible  and  larj^e  enough 
so  that  a  section  will  not  curl  over  the  edge. 

'I'he  best  instrument  for  transferring  sections  under  all  circum¬ 
stances  is  a  ])iece  of  [datinum  wire  mounted  in  an  ordinary  screw 
needle-holder.  It  is  pliable  and  can  be  bent  to  any  shape,  will  not 
break  like  a  glass  rod  when  dropped,  and  is  not  affected  by  acids. 
For  ordinary  use  curved  and  straight  steel  needles  mounted  in 
wooden  handles  are  very  convenient. 

Glassware. — Glass  utensils  of  various  sorts  are  recjuired.  Slides 
should  be  of  colorless  glass  with  ground  edges  and  square,  not 
rounded  corners.  The  English  form,  measuring  1  by  d  inches  (26 
by  76  mm.)  is  to  be  preferred  for  ordinary  use.  Occasionally  wider 
slides  are  needed.  Moderately  thick  slides  are  preferable  to  too 
thin  ones;  the  latter  are  so  light  that  they  are  easily  lifted  by  the 
oil  immersion  lens  and  they  sometimes  seem  to  warp  when  heated 
to  attach  j^arafTm  sections.  They  also  break  readily  if  too  much 
pressure  is  applied  to  them  in  wiping  or  rubbing. 

Coverslips  should  be  square  or  oblong,  according  to  the  shape  of 
the  specimen.  Most  dry  lenses  are  adjusted  for  coverslips  measur¬ 
ing  16  or  17/t  in  thickness,  so  that  if  possible  no  coverslip  ranging 
outside  of  15  to  18  /->.  should  be  used.  With  an  oil  Immersion  lens  it 
is  important  only  that  they  be  thin  enough. 

Slides  and  coverslips  are  cleaned  by  treating  first  with  dilute 
acid  in  water,  thorough  washing,  then  by  dipinng  in  alcohol  and 
wiping  dry  with  a  soft  linen  towel.  Coverslips,  after  they  are  clean, 
should  be  kept  dry  in  covered  dishes. 

Staining  Dishes. — Paraffin  sections  require  one  set  of  staining 
dishes;  celloidin  and  frozen  sections  another. 

The  Mcjunkin  staining  dish  (  Fig.  4,  D)  is  designed  to  hold  one 
slide  with  attached  sections  in  a  horizontal  [losition.  It  can  be 
covered  by  a  small  |)late  of  glass  slightly  larger  than  the  ordinary 
slide.  The  dish  is  useful  and  convenient. 

Larger  dishes  with  covers  are  designed  to  hold  5  to  10  slides 
either  on  end  (Fig.  4,  C')  or  on  the  side  (Fig.  4,  E).  They  are  in¬ 
dispensable  when  many  slides  are  to  be  stained. 

For  celloidin  or  frijzen  sections,  small  (25  cc.;  Fig.  4,  B)  and 


2<S 


PA'l’I K ) L( )('. K 'A  I,  T I.’A'II X I (^)UE 


large  (150  cc.;  Fig.  4,  A),  low,  llat-bottonied  glass  dishes  are  re¬ 
quired.  They  are  known  respectively  as  glass  ash  trays  and  as 
nappies  or  finger  bowls,  and  can  be  bought  cheaply.  The  small 
dishes  are  used  for  staining  solutions  and  the  larger  ones  for  holding 
sections  before  and  after  staining.  The  great  advantage  of  the 
larger  dish  is  that  a  slide  can  be  dipped  under  a  frozen  section  and 
then  lifted,  spreading  the  section  out  evenly  and  Hat  on  its  surface. 

Circular  Stender  dishes  with  glass  covers  are  useful  as  staining 
dishes  and  to  hold  reagents  for  clearing  sections. 


Fi).;.  4. — Different  type.s  of  fjla.ss  dishes.  A,  150  cc.  flat-bottomed  dish  for  hold- 
inn  sections;  H,  25  cc.  staininn  dish;  C,  Coplin  staininn  jar;  1),  Mejunkin  oblonn 
.staininn  dish ;  K,  staininn  dish  to  hold  10  slides  on  side. 


Large  flat-bottomed  glass  dishes  known  as  crystallizing  dishes, 
holding  1  to  3  liters,  are  excellent  for  fixing  tissues  as  they  allow 
thin  slices  to  lie  flat.  If  several  sizes  are  obtained  the  large  dishes 
serve  as  covers  for  the  smaller  ones. 

Bottles. — F  or  coverslip  smears  and  for  staining  on  the  slide 
dropping-bottles  will  be  found  extremely  convenient.  The  pattern 
of  50  cc.  capacity,  with  flat  top,  is  probably  the  best  form  and  size, 
but  occasionally  bottles  holding  100  cc.  or  more  are  useful. 

For  stains  and  reagents  bottles  with  glass  or  cork  stoppers  of 
various  sizes  are  required.  The  sizes  most  used  are  those  contain¬ 
ing  125,  250,  500  and  1000  cc. 


I.Ai?()KA  l'(  )K V  I'A  U  I  PMI'.N  l' 


29 


I’u'st'rving  jars  of  half-i)int  or  pint  capacity  can  l)C  hijj;hly  rccoin- 
nicndcd  for  holdinj^  patholofi;ical  tissues  after  fixation.  Wide¬ 
mouthed  ()0  and  120  cc.  bottles  witli  cork  stoiijiers  are  useful  for 
holding  small  amounts  of  tissue  but  there  is  always  danger  of  evap¬ 
oration. 

Vulcanized  Fiber. — This  is  a  valuable  material,  when  cut  into 
blocks  of  suitable  size,  on  which  to  mount  pieces  of  tissue  embedded 
in  celloidin.  It  is  compact,  brown  or  gray  in  color,  and  can  be 
bought  in  sheets  or  strips  and  cut  up  as  desired.  A  useful  thickness 
is  1.5  cm.  Blocks  (Fig.  51  measuring  2  cm.  s(iuare  and  2  by  cm. 
are  convenient  sizes,  but  larger  ones  are  often  needed.  Parallel 
incisions  1  to  1.5  mm.  wide  and  2  to  5  mm.  deep  should  be  sawed  in 
the  upiier  surface  to  afford  a  firm  foundation  for  the  celloidin  to 
grip.  Cross  incisions  can  be  made  if  desired  but  are  unnecessary 
and  often  cause  difficulty  when  the  celloidin,  after  drying,  is  re- 


FIe;.  5. — Blocks  of  vulcanized  fiber  prepared  for  mounting  tissues  cmbeddcrl  in  celloidin. 

moved  from  the  blocks.  Prepared  blocks  can  be  bought  but  are 
usually  too  thick  and  the  incisions  are  too  wide  and  too  deep,  thus 
wasting  both  fiber  and  celloidin. 

Containers  for  Slides. — Mounted  slides,  when  first  received 
after  being  stained,  are  usually  kept  in  pressed  cardboard  trays 
holding  20  and  provided  with  lids  to  protect  the  prei)arations  from 
light  and  dust  while  the  balsam  is  hardening.  In  these  containers 
the  sections  are  readily  available  for  examination.  It  is  important 
that  the  compartments  in  the  trays  be  large  enough  so  that  the  slides 
do  not  bind  in  them  and  that  they  be  provided  with  a  curved  cutout 
at  each  end  so  that  the  fingers  of  either  hand  can  be  used  in 
removing  them. 

Later  the  slides  can  be  kept  in  plain  wooden  boxes  holding  12  to 
25,  or  in  larger  boxes  covered  with  colored  paper  and  holding  100. 
In  these  larger  boxes  they  can  be  grou|)ed  as  desired  and  kept  on 
shelves  or  in  cabinets,  d'he  lateral  incisions  in  the  boxes  into  which 
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the  slides  fit  should  not  be  too  narrow.  They  should  admit  easily 
both  thin  and  thick  slides. 

In  laboratories  where  the  number  of  slides  often  runs  into  thou¬ 
sands  they  can  be  kept  in  large  filing  cabinets  provided  with 
drawers.  The  drawers  are  1  !4  inches  deep  and  are  divided  into 
longitudinal  compartments  SVa  inches  wide.  Strips  of  tin  measur¬ 
ing  2  by  4  inches  and  bent  up  1  inch  at  each  end  provide  simple 
holders  for  convenient  handling  of  the  slides  and  for  keeping  them  in 
place. 


CHAPTER  II 


PREPARATION  AND  EXAMINATION  OF  UNFIXED  MATERIAL 

1.  TEASED  AND  CENTRIFUGED  SPECIMENS 

1"nfi\ed  tissues  may  be  examined  in  gross,  in  teased  prepara¬ 
tions  or  by  means  of  frozen  sections. 

(Jross  material  yields  much  information  to  the  sight  and  touch 
ot  the  trained  observer.  Differences  in  color  and  consistence  mean 
much  to  him.  The  iron  reaction  performed  on  the  surface  of  a 
slice  of  a  brown  liver  may  demonstrate  the  presence  of  iron  in  slight 
or  large  amount.  Iodine  will  show  the  presence  of  amyloid  and 
scarlet  red  will  bring  out  fat  if  abundant. 

Teased  preparations  are  made  by  cutting  out  a  very  small  bit  of 
the  tissue  in  question  and  dividing  it  as  finely  as  possible  by  means 
of  two  sharp  clean  needles  on  a  slide  in  a  drop  or  two  of  some  in¬ 
different  lluid  such  as  physiological  saline  solution.  Teased  prepara¬ 
tions  are  often  made,  for  instance,  of  the  heart  muscle  when  fatty 
degeneration  is  suspected.  If  the  tissue  is  soft  the  cells  are  easily 
obtained  by  simply  scraping  the  cut  surface  with  the  edge  of  the 
knife. 

Lfnfixed  preparations  are  sometimes  treated  with  chemicals  for 
various  purposes.  Of  these  chemicals  acetic  acid  is  the  most  gener¬ 
ally  useful  in  pathological  histology.  It  shrinks  the  nuclei  and 
renders  their  outlines  more  distinct.  It  swells  connective  tissue, 
making  it  more  transparent,  so  that  the  elastic  fibers  which  are 
unaffected  stand  out  distinctly.  It  precipitates  mucin  and  dissolves 
or  renders  invisible  the  albuminous  granules.  Its  main  use  as  a 
reagent  for  unfixed  ti.ssues  is  to  demonstrate  fat  and  to  differentiate 
that  substance  from  albuminous  granules.  It  is  ordinarily  used  in 
1  to  2  per  cent  aqueous  solution,  a  few  drops  of  which  are  placed  at 
one  edge  of  the  coverslip  preparation  and  then  drawn  beneath  it  by 
placing  a  piece  of  filter  pajier  on  the  ojiposite  side.  If  in  a  hurry, 
however,  stronger  solutions,  or  even  glacial  acetic  acid,  may  be  u.sed. 

Hydrochloric  acid  in  a  .1  to  5  [ler  cent  solution  is  used  to  demon- 
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strate  calcification.  Calcium  phos})hate  is  simply  dissolved,  while 
from  calcium  carbonate  bubbles  of  carbon  dioxide  (CO^j  are  set 
free. 

Unfixed  tissues  are  usually  examined  in  an  isotonic  salt  solution 
— a  0.9  per  cent  aqueous  solution  of  sodium  chloride.  It  has  the 
advantage  over  water  of  preventing  excessive  swelling  of  tissues, 
blood  corpuscles  are  unaffected,  and  the  finer  structures  are  better 
preserved.  A  drop  or  two  of  Gram’s  iodine  solution  added  to  the 
stock  bottle  of  salt  solution  will  be  found  useful  in  preventing  the 
growth  of  mold. 

Macerating  fluids  are  little  used  in  pathology.  Occasionally, 
however,  when  tissues  are  so  tough  that  they  cannot  be  teased  apart 
readily,  they  are  macerated  in  certain  fluids  that  dissolve  the  sub¬ 
stances  holding  the  different  elements  together.  The  reagents  most 
commonly  used  are  Ranvier’s  one-third  alcohol,  which  is  made  by 
taking  1  part  of  95  per  cent  alcohol  and  2  parts  of  water.  Tissues 
should  be  left  24  hours  in  this  solution.  Chromic  acid  in  very  dilute 
aqueous  solutions  (1:10,000-1:30,000)  is  also  recommended.  A 
20  per  cent  aqueous  solution  of  potassium  hydroxide  is  also  used 
for  macerating.  Tissues  should  be  left  in  this  solution  a  few  minutes 
to  1  hour;  they  must  be  examined  in  the  same  fluid  as  the  cells  are 
destroyed  if  the  solution  is  weakened.  This  solution  is  used  espe¬ 
cially  by  dermatologists  to  demonstrate  the  mycelia  of  ringworm. 

Fluids  of  various  types,  but  especially  those  from  the  serous 
cavities,  often  require  microscopic  examination  of  the  cells  they 
contain,  either  in  the  unfixed  condition  or  after  fixation  in  various 
ways.  If  the  amount  of  fluid  is  small,  centrifuge  at  once.  If  it  is 
large,  add  2  per  cent  by  volume  of  glacial  acetic  acid.  This  pre¬ 
vents  coagulation  and  lakes  the  erythrocytes.  Allow  the  cellular 
elements  to  settle  somewhat,  decant  the  supernatant  fluid  and  cen¬ 
trifuge  the  residue  until  a  small  button  forms  at  the  bottom  of  the 
tube.  Bits  of  this  may  be  examined  unfixed  or  in  fixed  and  stained 
smears.  More  often  the  supernatant  fluid  is  poured  off  and  a  fixa¬ 
tive  added,  such  as  the  usual  formalin-alcohol  mixture,  10  per  cent 
formalin,  Zenker’s  fluid  or  any  other  fixative  desired.  They  cause 
the  button  to  shrink  and  separate  from  the  glass.  It  can  then  be 
treated  like  a  piece  of  tissue,  embedded  in  paraffin  or  celloidin,  and 
sections  cut  and  stained  in  the  usual  way.  Foot  recommends  ]\Ias- 
son’s  trichrome  light  green  method. 
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2.  FROZEN  SECTIONS 

Frozc'ii  sections  are  of  great  value  to  the  i)athoIogist .  'Phcy 
often  enable  him  to  make  a  diagnosis  in  a  few  minutes  instead  of 
having  to  wait  many  hours  to  several  days.  They  may  l)e  made 
either  of  unfixed  or  fixed  tissues. 

Cutting'.  -The  piece  of  tissue  from  which  frozen  sections  are 
to  be  cut  should  not  be  thicker  than  5  mm.,  ;md  a  little  water  should 
be  placed  under  it  on  the  freezing  box  so  as  to  aid  in  attaching  it 
securely. 

The  consistence  of  the  frozen  tissue  is  important.  Immedi¬ 
ately  after  freezing  it  will  usually  be  too  hard  to  cut  without 
yielding  sections  that  break  over  the  edge  of  the  knife  and  are, 
therefore,  to  be  rejected.  If  this  happens,  wait  a  few  seconds  and 
cut  a  section  or  two  at  short  intervals  until  the  specimen  is  found 
to  have  a  consistence  yielding  satisfactory  sections,  whereupon  a 
nuntber  of  sections  should  be  cut  in  cjuick  succession.  They  are 
placed  as  cut  in  water  in  a  glass  dish. 

Attaching  Frozen  Sections  to  the  Slide. — Frozen  sections  of 
unfixed  material  for  immediate  diagnosis  are  usually  stained  before 
they  are  mounted  on  a  slide.  Plowever,  they  may  be  attached  to  the 
slide  by  means  of  blotting  or  by  one  of  the  two  methods  used  for 
fixed  tissues  given  below.  Float  the  section  onto  a  slide  and  spread 
it  out  evenly.  Then  cover  the  section  carefully  by  means  of  a 
dropping-bottle  with  95  per  cent  or  absolute  alcohol,  which  acts  as 
a  fixative,  so  as  to  avoid  wrinkling.  After  30  seconds  drain  off  the 
alcohol  and  blot  with  fine  filter  paper.  The  section  may  then  be 
stained  in  any  way  that  seems  desirable. 

Aniline  and  Oil  oj  Cloves  Method. — Coat  the  slide  with  a  thick 
layer  of  Mayer's  albumin-glycerin  mixture  and  lloat  the  section  onto 
it,  spreading  it  out  smoothly.  Next  wipe  away  most  of  the  tluid 
from  around  the  section  and  press  the  section  onto  the  slide  with 
smooth  filter  or  blotting  paper.  Then  without  allowing  the  section 
to  dry  cover  it  with  a  mixture  of  equal  parts  of  aniline  and  oil  of 
cloves,  and  immediately  rinse  off  the  mixture  with  95  per  cent  alco¬ 
hol.  After  immersing  in  water  to  remove  the  alcohol,  the  section 
thus  attached  to  the  slide  is  ready  for  staining  and  mounting. 

In  si)reading  the  sra'tion  on  the  slide  too  long  immersion  of  the 
slifle  in  water  may  wash  off  the  albumin-glycerin  mixture  and  the 
section  will  not  stick.  'Phis  very  rarely  ha|)iiens  after  a  little  practice. 
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Cclloidin  Method. — Float  the  section  onto  the  slide  from  water, 
spread  it  out  smoothly  and  press  or  blot  it  on  the  slide  with  fine 
filter  or  blotting  paper.  Next  cover  it  with  9.S  per  cent  alcohol  for 
about  half  a  minute  and  blot  it  again.  Then  pour  over  the  section 
and  adjacent  part  of  the  slide  a  very  dilute  solution  of  celloidin,  in 
equal  parts  of  absolute  alcohol  and  ether,  which  should  be  suffi¬ 
ciently  dilute  to  flow  readily  and  not  to  form  too  thick  a  film.  Drain 
off  the  excess  fluid  at  once,  blow  briskly  on  the  section  and  im¬ 
mediately  immerse  the  slide  in  water  for  a  few  seconds  to  harden  the 
celloidin.  The  section  is  thus  attached  to  the  slide  by  a  thin  film 
of  celloidin  and  may  be  stained  by  any  of  the  usual  methods,  for 
the  celloidin  does  not  prevent  the  penetration  of  stains  and  does  not 
interfere  with  the  visibility  of  the  section. 

Drying  of  the  section  at  any  stage  should  be  avoided  by  pro¬ 
ceeding  rapidly. 

Wright’s  Gelatin  Embedding  Method  for  Frozen  Sections. 

—This  method  permits  the  making,  staining  and  permanent  mount¬ 
ing  of  frozen  sections  of  fragmented  tissue,  such  as  curettings,  and 
of  loose  textured  tissue,  with  minimum  time  and  manipulation. 

Prepare  a  10  per  cent  solution  of  gelatin  in  distilled  water  and 
while  still  warm  and  fluid  add  0.5  per  cent  of  carbolic  acid.  The 
gelatin  should  not  be  heated  more  than  is  necessary  for  thorough 
solution.  It  keeps  well  in  a  stoppered  bottle.  The  tissue  may  be 
unfixed  or  already  fixed,  preferably  in  10  per  cent  foimalin,  for 
gelatin  embedding. 

To  embed  the  tissue,  the  gelatin  is  liquefied  by  heat,  without 
boiling,  a  small  “pool”  poured  on  an  ordinary  glass  slide  or  similar 
object  which  may  be  conveniently  handled,  and  the  tissue,  after 
being  dried,  is  immersed  and  arranged  therein.  Then  the  “pool” 
is  allowed  to  solidify  in  a  cool  place  or  in  the  ice-box  for  2  hours  or 
longer,  after  which  a  “block”  is  cut  and  trimmed  from  it.  From 
this  block  frozen  sections  are  made  as  from  a  single  piece  of  tissue. 

The  gelatin  enclosing  the  tissue  should  be  kept  from  drying 
out,  if  it  is  not  sectioned  within  2  hours.  This  may  be  done  by 
placing  it  and  the  slide  on  which  it  has  solidified  in  a  closed  bottle 
with  as  much  of  a  10  per  cent  solution  of  formalin  as  will  reach  up 

to  the  tissue  without  covering  it. 

After  cutting  sections  transfer  them  from  the  knife  to  water  and 
attach  them  to  the  slide.  The  attachment  to  the  slide  is  desirable 
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for  facility  in  liandling,  and  is  necessary  to  prevent  curling  and 
shriveling  (hiring  dehydration  owing  to  shrinking  of  the  gelatin. 
Sections  are  attached  to  the  slide  by  the  following  procc'dure;  Coat 
the  slide  with  a  thick  layer  of  albumin-glycerin  and  Hoat  the  section 
onto  it,  spreading  smoothly.  Remove  excess  of  tluid  from  around 
the  section,  cover  with  a  piece  of  thin  cigarette  paper  and  blot  with 
a  fine  filter  paper  until  the  cigarette  paper  is  partly  dry.  Then  cover 
the  cigarette  i)aper  with  a  mixture  of  equal  parts  of  aniline  and  oil 
of  cloves  for  a  few  seconds;  drain  off  the  oil  and  peel  off  the 
cigarette  pajier  from  the  slide.  The  section  adheres  to  the  slide, 
which  is  then  washed  with  9.S  per  cent  alcohol  to  remove  the  oil, 
and  immersed  in  water.  The  section,  thus  attached  to  the  slide,  is 
then  ready  for  staining,  dehydrating,  clearing  and  mounting. 

Staining  Frozen  Sections. — Frozen  sections  of  unfixed  mate¬ 
rial  may  be  stained  with  a  0.5  per  cent  solution  of  thionin  in  20  per 
cent  alcohol.  Stain  for  50  seconds  to  1  minute,  wash  in  water  and 
mount  in  water.  The  result  is  a  brilliant  differential  stain;  nuclei 
blue  to  purple,  collagen  reddish,  and  elastin  light  green.  A  more 
intense  nuclear  stain  can  be  obtained  by  using  in  the  same  way  a  1 
per  cent  solution  of  toluidine  blue  in  water  or  in  20  per  cent  alcohol. 
This  stain  is  particularly  useful  at  surgical  operations  when  an  im¬ 
mediate  diagnosis  is  required. 

For  stains  for  amyloid  see  pages  151-155.  Stains  for  fat  are 
given  on  pages  116-12  5. 

■Alum  hematoxylin  followed  by  phloxine,  or  other  stains  desired, 
may  be  used  on  frozen  sections  of  fixed  tissues. 

In  addition  to  its  use  in  cutting  unfixed  material  the  frozen  sec¬ 
tion  method  may  also  be  applied  to  fixed  material.  The  fixative 
commonly  used  is  formalin.  If  an  immediate  diagnosis  is  desired 
the  tissue  may  be  dropped  in  boiling  10  per  cent  formalin  for  1 
to  2  minutes  and  may  be  frozen,  cut  and  stained  with  alum  hemat¬ 
oxylin  and  phloxine  or  eosin  immediately  without  washing  out  the 
formalin.  Ordinarily,  it  is  advisable  to  wash  out  the  formalin  for 
1  to  2  hours  before  freezing  tissues.  In  making  sections  for  silver 
and  gold  impregnations  of  the  central  nervous  system  and  for  the 
study  of  the  presence  of  fat  in  tissues,  the  frozen  section  method  is 
often  used. 
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FIXATION 

The  various  reagents  used  for  fixing  fresh  tissues  possess  the 
properties  of  penetrating,  killing  and  hardening  in  different  degrees. 
•A  good  fixative  is  a  reagent  that  penetrates  and  kills  tissues  quickly, 
preserves  the  tissue  elements,  particularly  the  nuclei,  in  the  condi¬ 
tion  in  which  they  are  at  the  moment  when  the  reagent  acts  on 
them,  and  hardens  or  so  affects  them  that  they  will  not  be  altered 
by  the  various  processes  of  dehydrating,  embedding,  staining,  clear¬ 
ing  and  mounting.  Most  fixatives  are  mixtures  of  different  reagents 
so  combined  that  all  the  desirable  properties  may  be  present  in  as 
great  a  degree  as  possible. 

The  choice  of  the  proper  fixing  reagent  for  a  given  tissue  is  often 
difficult  and  must  depend  largely  on  the  nature  of  the  pathological 
lesions  present  or  suspected  and  on  the  purposes  for  which  the  tissue 
is  preserved.  The  best  general  fixative  yet  devised  for  all  kinds  of 
tissues  is,  in  my  opinion,  Zenker’s  fluid.  It  is  recommended  above 
all  others  after  over  40  years  of  constant  trial.  Helly’s  modification 
is  preferred  by  some  and  is  indispensable  for  the  preserv'ation  of 
certain  cytoplasmic  granules  that  are  dissolved  by  the  acetic  acid 
in  Zenker’s  fluid.  Oath’s  fluid,  perhaps,  ranks  next,  but  does  not 
permit  nearly  so  great  a  variety  of  stains  to  be  used  after  it  as 
Zenker’s  fluid  does.  It  has  the  advantage  of  costing  much  less.  As 
a  general  fi.xative  for  all  sorts  of  tissues  for  diagnostic  purposes 
formalin  has,  to  a  large  extent,  replaced  alcohol.  It  permits  about 
all  the  chemical  reactions  to  be  performed  that  are  possible  after 
alcohol  fixation  and  has  the  additional  advantage  of  preserving  fat 
of  all  kinds,  especially  myelin  in  the  sheaths  of  nerve  fibers. 

It  is  strongly  advised  that  in  all  important  cases  tissues  be  fixed 
both  in  Zenker’s  Hiiid  and  in  formalin;  in  Zenker’s  lim’d  for  general 
histological  study  and  for  lh(‘  preservation  of  nuclear  figures,  bac¬ 
teria  and  fibrils  of  all  kinds;  and  in  formalin  for  the  preservation  of 
fat,  myelin  and  various  substances,  such  as  amyloid  and  hemo¬ 
siderin,  to  which  it  may  be  desiral)le  to  apply  chemical  tests,  h’or 
certain  specific  puiposes  other  fixatives,  such  as  alcohol,  are  Some¬ 
s'' 
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times  required  for  the  preservation  of  nuicus,  glycogen,  pigments 
and  sodium  urate  crystals. 

Tissues  fixed  in  formalin  or  alcohol  may  remain  as  long  as  de¬ 
sired  in  those  fluids.  Tissues  fixed  in  most  of  the  other  fixatives 
must  be  transferred,  after  thorough  washing  in  water,  to  alcohol 
for  preservation.  It  is  usually  recommended  that  specimens  be 
[xtssed  through  graded  alcohols,  either  through  30,  60,  90  and  95 
per  cent,  or  through  50,  70  and  95  per  cent,  allowing  them  to  remain 
for  from  a  few  hours  to  a  day  in  each  strength.  For  most  purposes 
it  will  be  found  sufficient  to  transfer  the  specimens  directly  from 
water  to  70  to  SO  per  cent  alcohol,  in  which  they  may  remain  until 
it  is  desired  to  embed  them. 

.■\lcohol  extracts  chrome  salts  from  tissues  fixed  in  solutions  con¬ 
taining  them.  As  these  salts  are  precipitated  in  the  alcohol  by  the 
action  of  light  it  is  desirable,  although  by  no  means  necessary,  to 
keep  all  such  specimens  in  the  dark. 

It  is  strongly  urged  by  some  that  distilled  water  be  used  in  mak¬ 
ing  all  fixing  solutions,  and  also  that  all  fixatives  be  employed  at 
body  temperature  as  they  will  then  penetrate  more  quickly  and  the 
tissues  will,  therefore,  be  better  preserved.  For  most  purposes, 
how’ever,  tap  water  is  perfectly  satisfactory  and  often  even  advisable 
as  distilled  water  is  almost  always  faintly  acid. 

Fixatives  are  generally  used  at  room  temperature.  Heat  at  body 
temperature  favors  penetration  of  the  fixative  but  also  hastens  post¬ 
mortem  changes  within  the  tissues.  Cold,  even  to  the  freezing 
point,  preserves  the  tissues  better  and  does  not  greatly  slow  up  the 
penetration  of  the  fixative. 

Alcohol. — .\lcohol  is  a  fair  general  fixative  which  both  hardens 
and  dehydrates  tissues  at  the  same  time.  As  a  fixing  reagent 
formerly  in  much  use  its  place  is  largely  taken  nowadays  by  formalin. 
In  its  favor,  however,  are  several  points.  Bacteria,  fibrin,  mucus, 
various  pigments,  elastic  fibers  and  certain  cytoplasmic  granules 
stain  well  after  it,  and  it  is  the  only  fixative  that  preserves  glycogen 
and  allows  it  to  be  stained  differentially.  Its  disadvantages  are  that 
it  removes  hemoglobin  from  the  red  blood  corpuscles,  shrinks  tis¬ 
sues  more  or  less,  and  does  not  give  them  so  good  a  consistence  as 
some  of  the  other  fixatives.  Its  greatest  use  is  as  a  preservative  of 
tis'^ues  after  they  have  been  fixed  by  other  reagents.  The  strength 
of  the  stock  alcohol  ordinarily  used  in  laboratories  is  95  per  cent. 
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Absolute  alcohol  is  much  more  expensive.  Tissues  fixed  in  either 
of  these  percentages  shrink  a  great  deal.  The  exposed  surface  be¬ 
comes  extremely  hard  and  the  outer  layers  of  the  cells  of  tissues 
are  as  shrunken  and  flattened  as  though  dried  in  the  air.  It  is  only 
inside  of  this  hard  casing,  where  the  alcohol  has  penetrated  more 
slowly  and  has  been  somewhat  diluted  by  the  fluid  of  the  tissues, 
that  the  cells  are  better  preserved.  Moreover,  this  extreme  harden¬ 
ing  of  the  surface  hinders  the  penetration  of  the  alcohol  into  the 
deeper  parts. 

Tissue  which  is  to  be  fixed  in  absolute  or  in  95  per  cent  alcohol 
should  be  cut  into  thin  slices,  preferably  not  over  2  to  5  mm.  thick. 
The  volume  of  alcohol  used  for  fixing  should  be  15  to  20  times  as 
great  as  the  specimen  and  should  be  changed  after  3  to  4  hours. 
The  tissue  should  be  kept  in  the  upper  part  of  the  alcohol  by  means 
of  absorbent  cotton,  or  the  jar  may  be  inverted  frequently  and  the 
alcohol  thus  kept  of  even  strength. 

The  advantages  of  strong  alcohol,  95  per  cent  and  absolute,  are 
that  the  tissue  is  more  quickly  fixed  than  with  a  weaker  strength, 
and  at  the  same  time  hardened.  Tissues  so  fixed  should  later  be 
transferred  to  80  per  cent  alcohol  for  preservation,  or  the  staining 
properties  will  gradually  become  impaired. 

For  general  purposes  it  will  be  found  better  to  place  tissues  at 
first  in  80  per  cent  alcohol,  which  should  be  replaced  in  2  to  4  hours 
by  95  per  cent  alcohol.  In  this  Vv^ay  less  shrinkage  is  caused  and  the 
surface  of  the  tissues  is  not  made  so  hard. 

Carnoy’s  Fluid  (1887). — This  is  one  of  the  most  penetrating 
and  quickly  acting  fixatives  known  and  is  much  used  by  the  French. 
It  preserves  both  nuclei  and  cytoplasm  well.  It  is  made  up  as 
follows: 

Alcohol,  absolute  60  cc. 

Chloroform  30  cc. 

Acetic  acid,  glacial  10  cc. 

Fix  tissues  in  the  fluid  for  1  '/^  to  3  hours  and  then  transfer  to 
absolute  alcohol. 

Formalin. — The  gas  formaldehyde  (HCOH)  is  soluble  in  water 
to  the  extent  of  40  jier  cent.  Solutions  of  this  strength  are  manufac¬ 
tured  by  different  commercial  hou.ses  under  the  names  of  formalin, 
formol  and  formalose.  'The  best  strength  of  formalin  to  use  for 
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fixinti  lissiu's  is  a  10  per  cent  solution,  that  is,  10  parts  of  the 
atjueous  40  per  cent  solution,  no  matter  what  name  is  given  to  it, 
lo  90  parts  of  water,  rnfortunately  formic  acid  gradually  develops 
in  formalin,  rendering  it  acid  and  exerting  an  injurious  action  on 
tissue  preserved  in  it.  On  this  account  it  is  advisable  for  most  pur¬ 
poses  to  neutralize  the  10  per  cent  solution  of  formalin  by  adding 
calcium  carbonate,  or  lead  oxide  or  carbonate  in  excess. 

Calcium  carbonate  cannot  neutralize  full  strength  formalin  but 
readily  renders  the  usual  10  per  cent  solution  faintly  alkaline.  This 
slight  alkalinity  can  hardly  be  regarded  as  injurious  because  post¬ 
mortem  tissue  is  always  acid  in  reaction  and  almost  immediately 
renders  the  solution  acid,  as  can  readily  be  shown  by  having  an 
indicator  ( phenolphthalein  or  phenol  red)  in  it. 

For  certain  purposes,  however,  it  is  sometimes  advisable  to  add 
.s  per  cent  by  volume  of  glacial  acetic  acid  to  the  usual  10  per  cent 
solution  in  order  to  improve  its  fixing  properties,  but  tissues  cannot 
be  left  in  the  mixture.  They  must  be  transferred  after  24  hours  to 
the  neutral  formalin  solution. 

Formalin  penetrates  very  quickly.  Its  hardening  action  is  not 
understood.  It  does  not  precipitate  albuminous  bodies  but  makes 
them  quite  firm.  It  also  hardens  nerve  sheaths,  acting  toward  them 
and  red  blood  corpuscles  in  a  manner  similar  to  chrome  salts. 
Formalin  is  very  useful  for  preserving  gross  specimens  as  it  gives 
them  a  rather  tough  elastic  consistence  and  preserves  the  normal 
color  better  than  other  fixing  fluids,  and  also  the  transparency  of 
many  parts,  such  as  the  cornea.  In  general  histological  work  forma¬ 
lin  is  largely  used  nowadays  as  a  fixative  in  place  of  alcohol. 

.\s  a  fixative  for  specimens  that  are  to  be  embedded  in  paraffin 
it  is  not  recommended  unless  combined  with  other  reagents,  such 
as  potassium  bichromate  in  Orth’s  tluid,  as  it  does  not  seem  to 
harden  the  tissue  elements  sufficiently  to  enable  them  to  resist  the 
shrinking  effects  of  prolonged  exposure  to  alcohol  and  heat  in  the 
process  of  embedding.  In  frozen  or  celloidin  sections,  however, 
prepared  by  methods  described  elsewhere,  this  shrinkage  of  the 
tissue  elements  is  not  apparent,  probably  because  prolonged  ex¬ 
posure  to  heat  in  the  paraffin  embedding  process  is  avoided. 

'I'he  advantages  of  formalin  are  that  it  is  conijiaratively  cheap, 
can  be  obtained  commercially  in  compact  form,  and  keeps  well.  It 
fixes  and  hardens  tissues,  including  red  bloorl  corpuscles,  quickly 
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and  well  even  in  large  slices  and  gives  a  firm  consistence  so  that  they 
can  be  cut  easily  on  the  freezing  microtome  or  after  embedding  in 
celloidin.  It  permits  the  use  of  a  large  variety  of  staining  methods. 
It  also  fixes  and  preserves  fat  so  that  this  substance  can  be  easily 
stained  in  frozen  sections.  In  addition,  it  preserves  myelin,  and  on 
this  account  is  the  best  preliminary  fixative  of  the  central  nervous 
system  that  we  have. 

The  disadvantages  of  formalin  are  that  it  dissolves  glvcogen, 
uric  acid  and  sodium  biurate  crystals,  often  changes  the  bile  con¬ 
cretions  fiom  a  yellow  to  a  green  color,  does  not  preserve  iron  and 
other  pigments  as  well  as  alcohol  does,  and  frequently  gives  rise  in 
the  tissues  to  a  fine,  dark  brown  or  black  crystalline  precipitate  de¬ 
rived  from  hiked  hemoglobin.  Two  methods  are  recommended  for 
removing  the  precipitate; 

Schridde’s  Method  (1906). — Place  sections  in  the  following 
mixture  for  30  minutes: 

Ammonia  water  (25-28  per  cent)  1  cc. 

Alcohol,  75  per  cent  200  cc. 

Wash  thoroughly  in  water  and  preserve  in  80  per  cent  alcohol, 
or  stain  as  desired  and  mount. 

I  crocay’s  Rlethod  { 1908). — Place  sections  in  the  following  mix¬ 
ture  for  10  minutes: 

Potassium  hydroxide,  1  per  cent  aqueous 

solution  1  cc. 

Alcohol,  80  per  cent  100  cc. 

Wash  thoroughly  in  at  least  2  changes  of  water  for  5  minutes 
and  then  place  in  80  per  cent  alcohol  for  5  minutes.  Return  again 
to  water  and  stain  as  desired  and  mount. 

Alcohol  and  Formalin. — The  combination  of  alcohol  and  for¬ 
malin  is  a  most  useful  mixture,  especially  for  rapid  diagnosis  of 
routine  surgical  specimens,  as  it  fixes  and  dehydrates  at  the  same 
time.  It  is  made  up  as  follows: 

Formalin  10  cc. 

.\lcohol,  95  per  cent  90  cc. 

Corrosive  Sublimate. — Corrosive  sublimate  is  a  useful  fixing 
reagent  but  is  best  employed  in  combination  with  a  chrome  salt,  as 
in  Zenker’s  and  Helly’s  fiuids.  Its  great  disadvantage  when  used 
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ali)iu'  is  that  it  causes  serious  shrinkage  of  tlie  cells.  .\  second  dis¬ 
advantage,  which  attends  its  use  under  all  conditions,  is  that  it  gives 
rise  to  a  crystalliiu'  jnecipitate  of  mercuric  oxide,  d'his  precipitate 
can  be  removed  from  the  tissues  by  means  of  iodine. 

Do  not  add  iodine  to  the  alcohol  in  which  the  tissues  are  pre¬ 
served  as  prolonged  treatment  with  iodine  exerts  an  injurious  etlect 
on  the  staining  ]')roperties  of  the  cells.  Embed  the  tissues  and  cut 
sections  without  removing  th('  precipitate,  and  then  treat  the  sec¬ 
tions,  just  before  staining,  with  Lugol’s  solution  of  iodine  for  10  to 
20  minutes,  followed  by  alcohol  to  remove  the  iodine. 

Inasmuch  as  prolonged  action  with  alcohol  is  frequently  neces¬ 
sary  in  order  to  remove  the  iodine,  it  is  often  better  to  use  a  0.5  per 
cent  aqueous  solution  of  sodium  thiosulfate  (“hypo”)  for  this  pur¬ 
pose  instead  of  alcohol  as  it  acts  almost  instantaneously  and  is 
easily  removed  by  thorough  washing  in  water. 

The  directions  for  the  use  of  corrosive  sublimate  are  as  follows: 

Use  a  saturated  aqueous  solution  (about  6.9  per  cent)  made  with 
the  aid  of  heat.  The  addition  of  5  per  cent  glacial  acetic  acid  is 
usually  advisable.  Fix  thin  slices  of  tissue  (2-5  mm.)  for  6  to  24 
hours.  Do  not  wash  in  water  but  soak  in  repeated  changes  of  70 
per  cent  alcohol  and  then  preserve  in  80  per  cent  alcohol. 

Tissues  fixed  in  corrosive  sublimate  stain  quickly  and  brilliantly 
in  nearly  all  staining  solutions.  It  is  the  only  fixative  after  which 
the  Heidenhain-Biondi  triple  stain  gives  good  results. 

Giemsa’s  Corrosive  Sublimate- Alcohol  Fixative  (1909). — 
This  fixative  is  the  one  usually  recommended  for  tissues  that  are  to 
be  stained  by  (liemsa’s  method,  but  Wolbach  has  shown  that  excel¬ 
lent  results,  but  with  a  reversal  of  the  color  effect,  may  be  obtained 
after  fixation  in  Zenker’s  tluid,  and  the  ti.ssue  preservation  in  general 
is  much  better.  (liemsa’s  fixative  is  made  up  as  follows: 

Corrosive  sublimate,  saturated  a(|ueous  solution 

(about  6.9  per  cent )  2  parts 

Alcohol,  absolute  1  part 

Fixation  recjuires  at  least  48  hours  and  the  fixing  tluid  is  to  be 
renewed  after  24  hours  4'he  tissue  may  remain  as  long  as  .1  months 
in  the  solution  without  disadvantage  if  evaporation  is  prevented. 

Chrome  Salts,  ('hromic  acid  is  rarely  used  nowadays  except 
in  Memming's  solution.  Chrome  salts  are  employed  instead,  espe- 
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c'ially  [)()tassiuii'i  bichruniate,  whicli  is  used  in  several  well  known 
lixing  solutions,  d'his  salt  penetrates  slowly  and  is  a  poor  fixative 
of  nuclear  material  but  is  the  best  of  all  known  hardening  reagents. 
On  this  account  tissues  li.xed  in  solutions  containing  it  stand  paraffin 
embedding  with  little  or  no  shrinkage.  Potassium  bichromate  has 
been  used  so  long  in  the  solution  known  as  Muller’s  lluid  that  the 
latter  solution  is  regarded  as  practically  synonymous  with  it. 
Muller’s  Fluid  (1872). — 


Potassium  bichromate 
Sodium  sulfate 
Water,  distilled 


2-2.5  gm. 


1 

100 


gm. 

cc. 


Ilaiden  tissues  6.  to  8  weeks.  (Jiange  the  fluid  daily  during  the 
tirst  week;  once  a  week  thereafter.  Ordinary  tissues  are  then 
washed  in  running  water  overnight  before  being  placed  in  alcohol. 

This  famous  hardening  solution  is  rapidly  giving  way  to  better 
fixatives.  It  hardens  tissues  slowly,  evenly,  and  with  little  or  no 
shrinkage,  but  it  is  a  poor  nuclear  fixative  and  does  not  permit  any 
great  variety  of  stains.  The  sodium  sulfate  seems  to  serve  abso¬ 
lutely  no  function.  For  ordinary  tissues  Muller’s  fluid  is  being  re¬ 
placed  by  Zenker’s,  Helly’s  or  Orth’s  fluids,  all  ol  which  fix  very 
quickly.  For  tissues  from  the  central  nervous  system  formalin, 
followed  by  other  solutions  of  the  chrome  salts,  is  a  great  deal 
quicker  and  better. 

Tellyesniczky  (1898)  has  recommended  the  following  solution, 
which  has  met  with  considerable  favor,  and  which  may  be  regarded 
as  an  improved  Muller’s  fluid: 

Potassium  bichromate 

Water,  distilled 

Acetic  acid,  glacial 

Fix  thin  pieces  of  tissue  for  1  to  2  days;  thicker  pieces  longer. 
Wash  thoroughly  in  running  water  and  dehydrate  in  graded  alcohols. 

Orth’s  Fluid  (  1896). — This  is  a  general  fixative  consisting  of 
the  well  known  Miiller’s  fluid  plus  10  per  cent  formalin.  It  is  made 
up  as  follows: 

I^otassium  bichromate  2-2.5  gm. 

Water,  distilled  100  cc. 

Formalin  10  cc. 


3  parts 
100  parts 
5  parts 
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'I'lie  formalin  .should  bo  added  only  at  the  time  of  using,  for  in 

2  days  the  mixed  solution  becomes  darker,  and  by  4  days  a  crystal¬ 
line  deposit  begins  to  form.  .\s  fixation  is  ordinarily  complete  in 

3  to  4  days  this  deposit  is  immaterial.  The  tissue  should  not  be 
over  1  cm.  in  thickness.  Small  slices,  3  to  5  mm.  in  thickness,  can 
readily  be  fixed  in  the  incubator  in  3  hours.  The  specimens  should 
be  washed  thoroughly  in  running  water  6  to  24  hours  before  placing 
in  80  jH'r  cent  alcohol. 

The  method  is  jiarticularly  recommended  for  mitotic  figures,  red 
blood  corpuscles,  bone,  and  colloid  material  as  it  gives  a  firm  con¬ 
sistence  to  the  tissues,  but  the  histological  detail  is  not  so  perfect 
as  after  Zenker's  Hiiid. 

Regaud’s  Fluid  (1910). — This  solution  is  recommended  for 
fixation  of  tissues  containing  Rickettsiae  and  for  mitochondria.  It 
must  be  made  fresh  each  time  for  use  as  it  does  not  keep. 

Potassium  bichromate,  3  per  cent  aqueous  solu¬ 
tion  80  cc. 

Formalin  20  cc. 


Fix  tissues  for  4  days,  changing  to  fresh  fluid  every  day. 
Chromatize  tissues  for  8  days  longer  in  3  per  cent  potassium 
bichromate.  W'ash  in  running  water  for  24  hours. 

Zenker’s  Fluid  (  1894). — Zenker’s  tluid  was  originally  Muller’s 
tluid  plus  .S  per  cent  corrosive  sublimate  and  5  per  cent  glacial  acetic 
acid,  but  the  sodium  sulfate  is  usually  omitted  nowadays  as  it  seems 
to  be  of  no  particular  use.  The  solution  is  made  up  as  follows: 


Potassium  bichromate 
Corrosive  sublimate 
Water,  distilled 
Acetic  acid,  glacial 


2.5  gm. 
5-8  gm. 
100  cc. 

5  cc. 


Dissolve  the  corrosive  sublimate  and  the  potassium  bichromate 
in  the  water  with  the  aid  of  heat.  Do  not  add  the  acetic  acid  to  the 
stock  solution  but  only  in  the  proper  proportion  to  the  amount  to 
be  u.sed  for  fixing  pieces  of  tissue  as  the  acetic  acid  evaporates 
readily  and  also  produces  changes  in  the  chrome  salts.  Tissues  float 
at  first  in  this  solution,  which  penetrates  fairly  quickly. 

Fix  tissues  in  the  solution  12  to  24  hours.  Wash  in  running  water 
12  to  24  hours  and  then  preserve  in  80  per  cent  alcohol  until  used. 
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Zenker-fixed  tissues  stain  slowly  but  beautifully  in  alum  hem¬ 
atoxylin.  The  most  brilliant  results,  however,  are  obtained  by  stain¬ 
ing  with  phloxine  or  eosin,  followed  by  an  alkaline  methylene  blue 
solution.  E.xcellent  results  are  also  obtained  by  staining  in  phos- 
photungstic  acid  hematoxylin,  and  by  the  aniline  blue  method. 
These  methods  bring  out  fibrin  and  various  kinds  of  fibrils  in  addi¬ 
tion  to  nuclear  details. 

When  Zenker-fixed  tissues  which  have  been  kept  for  a  long  time 
are  embedded  and  stained  with  alum  hematoxylin,  the  places  where 
the  mercuric  bichloride  deposit  was  present  stain  a  deep  blue  and 
thus  disfigure  the  specimen.  The  only  way  found  so  far  to  prevent 
this  staining  is  to  soak  the  sections  first  for  several  weeks  in  acid 
alcohol  ( 1  per  cent  hydrochloric  acid  in  70  per  cent  alcohol).  The 
method  is  applicable  only  to  celloidin  sections  as  the  acid  dissolves 
the  egg  albumin  used  in  attaching  paraffin  sections.  This  treatment 
causes  no  injury  to  the  tissues  but  does,  as  a  rule,  prevent  the  dis¬ 
figuring  stains  from  appearing.  On  the  other  hand,  the  method  will 
also  remove  certain  pigments  from  the  sections  and  therefore  can¬ 
not  always  be  used. 

Helly’s  Fluid  ( 1903). — This  is  a  slight  modification  of  Zenker’s 
fluid;  the  glacial  acetic  acid  is  replaced  by  5,  occasionally  10,  per 
cent  of  formalin  added  just  before  the  mixture  is  used.  For  certain 
purposes,  such  as  fixing  the  cytoplasmic  granules  in  the  islet  cells 
of  the  pancreas,  the  formalin  should  be  carefully  neutralized.  The 
solution  is  made  as  follows: 


Potassium  bichromate 

2.5 

gm. 

Corrosive  sublimate 

5-8 

gm. 

Water,  distilled 

100 

cc. 

Formalin 

5-10 

cc. 

Fix  tissues  in  the  fluid  for  12  to  24  hours.  Wash  in  running 
water  12  to  24  hours  and  then  transfer  to  80  per  cent  alcohol. 

Osmic  Acid. — Osmium  tetroxide,  commonly  known  as  osmic 
acid,  is  a  fixing  reagent  of  considerable  value,  particularly  for  the 
demonstration  of  fat,  but  it  penetrates  tissues  poorly.  On  this 
account  it  is  generally  used  in  combination  with  other  reagents,  some 
of  which  seem  to  increase  its  i^ower  of  penetration.  The  solutions 
most  in  favor  are  as  follows; 

Flemming’s  Solution  (1884). — Slices  of  tissue  for  fixation  in 
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Flemming’s  solution  should  not  be  over  2  mm.  in  thickness  as  it  has 
very  slight  penetrating  properties.  The  solution  is  made  as  follows: 


Osmic  acid,  2  per  cent  aqueous  solution 
Chromic  acid,  1  per  cent  aqueous  solution 
Acetic  acid,  glacial 


4  parts 
IS  parts 
1  part 


It  is  best  to  keep  the  osmic  acid  in  a  2  per  cent  and  the  chromic 
acid  in  a  1  per  cent  solution.  The  mixture  can  then  be  made  up 
fresh  ([uickly  at  the  time  it  is  needed. 

Fix  in  the  solution  1  to  3  days.  Wash  in  running  water  6  to  24 
hours  and  then  place  in  80  per  cent  alcohol. 

Hermann’s  Solution  ( 1889). — This  modification  of  Flemming’s 
solution  is  perhaps  an  even  better  fixative  but  is  more  expensive. 
It  should  be  employed  in  the  same  manner. 

Osmic  acid,  2  per  cent  aqueous  solution  4  parts 

Platinic  chloride,  1  per  cent  aqueous  solution  15  parts 
Acetic  acid,  glacial  1  part 


Marchi’s  Fluid  (1885).— 

iMuller’s  Iluid  ( p.  42  ) 

Osmic  acid,  1  per  cent  aqueous  solution 


2  parts 
1  part 


Place  small  pieces  of  tissue  in  the  mixture  for  5  to  8  days.  Wash 
thoroughly  in  running  water  and  then  place  in  80  per  cent  alcohol. 

For  its  application  to  degenerated  nerve  fibers  see  page  237. 

Bouin’s  Fluid  (  1897). — Picric  acid  is  rarely  used  by  itself  as  a 
fixative  but  is  often  combined  with  other  reagents.  Of  the  various 
solutions  suggested,  that  formulated  by  Bouin  has  proved  the  most 
successful.  It  is  one  of  the  best  fixing  fluids  and  is  highly  recom¬ 
mended  both  for  general  purposes  and  for  special  study.  It  has 
been  much  used  for  fixing  embryos.  Its  composition  is  as  follows: 

Picric  acid,  saturated  aqueous  solution  (about 


1.22  per  cent) 
Formalin 

Acetic  acid,  glacial 


75  cc. 
25  cc. 
5  cc. 


Bolles  Lee  in  his  “Microtomist’s  Vade-Mecum”  advised  fixation 
u[)  to  18  hours  followed  by  washing  in  50  per  cent  and  then  in  70 
per  cent  alcohol  until  the  [licric  acid  is  practically  removed. 
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Masson  fixes  up  to  3  days  but  no  longer;  after  that  time  the  nuclei 
fail  to  stain  properly  with  alum  hematoxylin.  When  fixation  is  com¬ 
plete  he  pours  off  the  solution  and  covers  the  tissues  with  water  but 
does  not  wash  them  with  it.  In  this  condition  they  will  keep  in¬ 


definitely  until  wanted.  For  embedding  in  paraffin  he  recommends 
the  following  method: 

1.  Alcohol,  80  per  cent,  95  per  cent  and  absolute, 

in  each  solution  3  hrs. 

2.  Amyl  acetate  and  alcohol,  absolute  (equal 

parts)  3  hrs. 

3.  Amyl  acetate  3  hrs. 

4.  .\myl  acetate  and  paraffin  (equal  parts  at 

55°  C.)  3  hrs. 

5.  Embed  in  paraffin,  several  changes  4  hrs. 


The  difficulty  with  paraffin  sections  of  tissues  fixed  in  Bouin’s 
fluid  lies  in  using  water  that  is  too  hot  and  for  too  long  a  time  in 
flattening  sections.  The  water  should  not  be  above  45°  C.  and 
should  not  be  applied  longer  than  45  seconds.  Masson  uses  gelatin 
rather  than  Mayer’s  albumin-glycerin,  flattens  the  sections  on  the 
slide  rather  than  in  a  pan,  drains  off  the  excess  water  and  blots 
firmly  with  smooth  filter  paper,  and  then  dries  in  the  incubator  at 
37°  C. 

Boiling’. — Boiling  precipitates  the  soluble  albumin  in  tissues  as 
a  granular  material  which  can  be  readily  recognized.  The  method 
is  used  particularly  for  the  demonstration  of  albumin  in  renal  dis¬ 
eases  and  in  edema  of  the  lungs.  By  means  of  boiling  the  quickest 
permanent  specimens  can  be  obtained.  The  method  is  not  advocated 
on  account  of  the  shrinkage  caused  by  the  heat,  but  will  sometimes 
be  found  useful.  Occasionally  10  per  cent,  or  even  undiluted  for¬ 
malin  is  employed  instead  of  water. 

Small  pieces  of  tissue  not  over  5  mm.  thick  should  be  dropped 
into  the  boiling  water  for  30  seconds  to  2  minutes;  cool  quickly  in 
cold  water  and  make  frozen  sections,  or  put  into  80  per  cent  alcohol. 
•Any  stain  may  be  used;  methylene  blue  will  be  found  excellent. 

Washing. — Most  tissues  after  fixation,  especially  in  chrome 
salts,  have  to  be  washed  thoroughly  in  running  tap  water  to  remove 
all  acids  and  reagents.  The  simplest  way  is  to  stick  one  of  the 
glass  tubes  extending  down  from  the  water  pipe  over  the  draining 
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board  of  the  sink  into  tho  jar  or  bottle  containing  the  tissue  through 
a  hole  in  a  cap  of  wire  netting  placed  over  the  top  of  the  jar  or 
bottle.  'I'liis  cap  prevents  any  s]')ecinicns  from  lloating  away.  If 
necessary,  tissues  can  he  washed  in  a  jar  or  dish  without  the  use  of 
running  water  by  changing  the  water  occasionally  and  moving  the 
material  about. 

Tissues  fixed  in  certain  lluids,  such  as  picric  acid  and  corrosive 
sublimate,  have  to  he  washed  in  alcohol  and  it  is  done  in  the  same 
way,  by  changing  the  alcohol  occasionally  and  moving  the  specimens 
about.  For  small  hits  of  tissue  the  Fairchild  swimming  cup  of  per¬ 
forated  unglazed  porcelain,  cork-stoppered,  will  be  found  con¬ 
venient.  The  cup  can  be  easily  labeled  with  a  lead  pencil.  A  simple 
but  useful  method,  especially  when  there  is  much  tissue,  as  from  an 
autopsy,  is  to  use  the  common  soapshaker  found  in  most  kitchens. 
It  has  a  convenient  handle  to  which  a  tag  can  be  attached  and  any 
number  of  the  shakers  can  be  stuck  into  a  pan  of  running  water. 

Dehydration. — The  reagent  ordinarily  used  for  dehydration  of 
fi.xed  tissues  is  alcohol.  The  ideal  method  is  to  start  with  a  strength 
of  50  per  cent  and  to  change  to  60,  70  and  80  per  cent,  where  they 
may  be  kept  indefinitely.  For  practical  purposes  it  has  been  found 
sufficient  to  transfer  material  fixed  in  Zenker’s  fluid  directly  from 
the  water  used  for  washing  to  80  per  cent  alcohol.  Tissues  treated 
this  way  still  stain  perfectly  as  long  as  40  years  after  preservation. 

Isopropyl  alcohol  can  be  used  in  place  of  ethyl  alcohol  for  de¬ 
hydration  and  preservation  of  fixed  tissues  but  not  for  the  celloidin 
embedding  process. 
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DECALCIFICATION 

Bone  and  calcified  tissue  from  which  later  the  lime  salts  will 
have  to  be  removed,  should,  like  other  tissues,  be  cut  or  sawed  into 
slices  2  to  5  mm.  thick  before  fixation.  For  sawing,  as  thin  a  blade 
as  is  practicable  should  be  used.  A  jeweler’s  saw  with  fine  hair 
blades  is  recommended  as  it  does  less  damage  to  the  soft  parts. 

While  tissues  are  being  decalcified  they  should  be  suspended  in 
the  upper  part  of  the  fluid  in  a  piece  of  gauze  or  in  a  perforated 
porcelain  dish,  so  that  the  salts  dissolved  out  may  sink  to  the  bottom 
of  the  jar.  This  step  in  the  process  has  been  found  useful.  Occa¬ 
sional  stirring  or  agitation  of  the  fluid  hastens  the  process  of  de¬ 
calcification. 

In  cutting  sections  after  decalcifying  and  embedding  it  is  neces¬ 
sary  to  discard  the  first  half  dozen  sections  or  so,  because  the  tissue 
is  so  lacerated  to  a  slight  depth  by  the  movement  of  small  frag¬ 
ments  of  bone  in  the  process  of  sawing  as  to  be  useless  for  micro¬ 
scopic  purposes.  The  extent  of  the  decalcification  may  be  tested 
at  any  time  by  thrusting  a  needle  into  the  tissues,  but  it  is  best  to 
avoid  such  a  test  as  it  tends  to  produce  artefacts. 

The  following  steps  in  the  decalcification  of  tissues  must  be 
carefully  borne  in  mind. 

1.  The  tissues  must  first  be  thoroughly  fixed  and  hardened.  The 
most  useful  reagents  for  this  purpose  are  alcohol,  the  alcohol- 
formalin  mixture,  and  Zenker’s  and  Orth’s  fluids.  After  fixing  in 
the  two  latter  reagents  the  tissues  must  be  washed  thoroughly  over¬ 
night  in  water  and  placed  in  alcohol  for  at  least  24  hours.  They 
will  then  be  ready  for  decalcification. 

2.  The  decalcifying  fluid  must  be  used  in  large  amounts  and,  if 
necessary,  be  frequently  changed.  Decalcification  should  never  be 
prolonged  beyond  4  days  if  possible;  24  to  48  hours  are  better. 

8.  .After  decalcification  the  tissues  must  be  thoroughly  washed 
in  running  tap  water  or  soaked  in  several  changes  of  alcohol  for 
24  hours  to  get  rid  of  every  trace  of  acid. 
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4.  The  tissues  finally  must  be  hardened  again  in  alcohol. 

5.  Kmbedding  in  celloidin  is  generally  preferable  to  i)araflin  ex- 
eei)t  for  bone  marrow  and  tumors  containing  only  delicate  trabeculae 
of  bone.  As  a  rule  these  tissues  are  perfectly  decalcilied  by  fixation 
in  Zenker's  fluid,  owing  to  the  action  of  the  acetic  acid  present,  and 
require  no  further  treatment.  This  procedure  can  be  highly  recom¬ 
mended  as  all  the  staining  methods  used  on  sections  of  tissues  fixed 
in  Zenker’s  fluid  are  available  and  the  results  are  better  than  can  be 
obtained  by  other  decalcifying  methods. 

Of  the  various  agents  used  for  decalcifying  bone — nitric,  hydro¬ 
chloric,  chromic,  picric,  trichloracetic  acids,  and  so  on — the  most 
important  is  nitric  acid.  It  acts  quickly  without  causing  swelling  of 
the  tissues  or  attacking  injuriously  the  tissue  elements,  and  does  not 
interfere  to  any  marked  degree  with  any  subsequent  staining  process. 
Red  blood  corpuscles  will  be  found  uninjured  in  tissues  fixed  in 
Zenker's  fluid  even  after  remaining  4  days  in  5  per  cent  nitric  acid. 
This  acid  is  used  in  dilute  solutions  either  alone  or  in  combination 
with  other  reagents. 

Nitric  Acid. — -1.  Decalcify  in  large  quantities  of  a  5  per  cent 
aqueous  solution  of  nitric  acid,  changing  the  solution  every  day  for 
1  to  4  days. 

2.  Wash  24  hours  in  running  water  to  remove  every  trace  of  acid. 

3.  Preserve  in  80  per  cent  alcohol. 

4.  Embed  in  celloidin  or  paraffin,  depending  on  the  size  of  the 
block  of  tissue  and  the  density  of  the  bone. 

According  to  Schaffer  (1902),  it  is  best  to  transfer  the  tissue 
directly  from  nitric  acid  to  a  5  per  cent  solution  of  alum  or  of 
lithium  or  sodium  sulfate  for  24  hours  before  placing  in  running 
water  so  as  to  avoid  any  possibility  of  the  tissue  swelling,  but  this 
step  hardly  seems  necessary. 

Three  different  reagents  have  been  recommended  for  addition  to 
nitric  acid  in  order  to  counteract  any  injurious  effect — phloroglucin, 
formalin  and  alcohol.  Of  these,  alcohol  seems  to  be  the  best. 
Romeis  advises  5  per  cent  nitric  acid  in  60  per  cent  alcohol  and 
washes  out  the  acid  in  60  per  cent  alcohol.  Tliis  is  especially  useful 
for  bone  marrow,  where  dense  areas  of  bone  are  present,  but  the 
decalcifying  process  takes  several  days,  depending  on  the  size  and 
thickness  of  the  specimen.  Tissues  decalcified  by  this  method  must 
be  transferred  immediately  to  alcohol  for  removing  the  acid.  Water 
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must  nut  be  used  as  the  blood  cells  will  dissolve  instantly  in  the 
water  and  leave  only  the  trabeculae  of  bone. 

Sulfurous  Acid. — A  saturated  solution  (6—7  [)er  cent)  of  sul¬ 
fur  dio.xide  (SO2)  in  water  is  used.  It  works  fairly  quickly  and 
causes  but  slight  swelling.  The  tissues  should  be  carefully  washed 
in  running  water,  as  after  nitric  acid.  The  stock  solution  rapidly 
weakens  through  evaporation  if  the  bottle  is  not  kept  tightly  corked. 
Primary  fixation  in  formalin  is  favored. 

Trichloracetic  Acid. — A  5  per  cent  solution  of  this  acid  is 
recommended  for  the  decalcification  of  bone  and  teeth.  It  may  be 
added  directly  to  the  10  per  cent  formalin  used  for  fixation.  It  acts 
more  slowly  than  nitric  acid  and  seems  to  possess  no  particular 
advantage  over  it.  Tissues  must  be  washed  in  90  to  95  per  cent 
alcohol  afterward  to  remove  the  acid. 

Picric  Acid. — Picric  acid  is  used  in  a  saturated  aqueous  solu¬ 
tion  (about  1.22  per  cent).  It  decalcifies  very  slowly  (1  week  to 
months)  and  is  therefore  used  chiefly  for  embryonic  tissues.  It 
must  be  washed  out  in  70  to  80  per  cent  alcohol. 

Sulfosalicylic  Acid. — Gombri  (1933)  recommends  this  acid 

highly  as  a  decalcifying  agent.  Use  a  6  to  8  per  cent  aqueous  solu¬ 
tion  for  1  to  3  days,  changing  the  solution  once  or  twice.  Wash 
thoroughly  in  running  water  for  24  hours  and  preserve  in  80  per 
cent  alcohol. 

Ebner’s  Decalcifying  Method  (1875).^ — 

Sodium  chloride,  cold  saturated  solution  (about 

35.7  per  cent)  100  cc. 

Water,  distilled  100  cc. 

Hydrochloric  acid  4  cc. 

(For  teeth  use  10-20  cc.  HCl) 

This  method  takes  a  long  time  to  decalcify  but  gives  excellent 
results.  Each  day  add  1  to  2  cc.  of  hydrochloric  acid  until  the  bone 
is  soft. 

Formic  Acid. — This  is  used  for  softening  large  masses  of  bone. 
It  may  be  used  in  an  aqueous  solution,  but  a  1  to  5  per  cent  solution 
in  70  per  cent  alcohol  is  preferable.  Tissues  should  be  fixed  in  10 
per  cent  formalin  and  decalcified  4  to  5  days  in  the  5  per  cent  al¬ 
coholic  solution.  When  decalcification  is  completed  tissues  are 
washed  in  70  per  cent  alcohol  and  not  in  water. 
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EMBEDDING  PROCESSES 

Fixed  tissues  are  nut  finu  and  cohesive  enougli  to  permit  perfect 
thin  sections  to  be  cut  without  beint>;  infiltrated  with  some  support- 
inji  medium  to  furnish  stability  and  to  hold  the  cells  and  intercellu¬ 
lar  structures  in  projier  relation  to  each  other.  For  this  pur[)ose 
three  different  substances  have  been  found  available — paraffin,  cel- 
loidin  and  gelatin.  Each  has  its  particular  field  of  usefulness  and 
its  own  advantages,  and  a  thorough  j^ractical  knowledge  of  each 
should  be  acciuired. 

Paraffin  embedding  affords  the  thinnest  sections  but  the  blocks 
of  tissue  must  usually  be  comparatively  small  (not  over  2  cm. 
square)  if  the  best  results  are  desired,  and  the  sections  cannot  be 
properly  handled  except  when  attached  to  the  slide.  Hard  tissues, 
such  as  muscle,  and  tissues  of  varying  consistence,  such  as  skin,  cut 
with  considerable  difficulty.  One  great  advantage  possessed  by  the 
paraffin  embedding  method  is  that  sections  can  be  cut  with  safety 
razor  blades  when  rigidly  fixed  in  a  holder.  This  means  much  in  a 
pathological  laboratory  where  tissues  often  contain  unsuspected  lime 
salts.  It  is  much  simpler  to  insert  a  new  blade  than  to  grind  out 
nicks  in  the  cutting  edge  of  a  microtome  knife. 

Celloidin  embedding  has  certain  advantages  of  its  own.  Tissues 
of  almost  any  consistence  or  size  can  be  cut  and  very  thin  sections 
are  possible.  The  cut  sections  are  available  for  use  at  once  while 
paraffin  sections  always  have  to  be  put  through  a  preliminary  process 
to  free  them  of  paraffin  and  get  them  into  water.  Serial  sections  are 
possible  but  are  not  so  easy  to  prepare. 

While  celloidin  embedding  is  generally  considered  a  much  slower 
process  than  paraffin  embedding,  years  of  practical  experience  have 
shown  that  routine  surgical  material  can  be  fixed  in  the  formalin- 
alcohol  mixture,  embedded  in  celloidin,  and  cut  and  stained  in  48 
hours.  Moreover,  tissues  so  treated  do  not  show  the  shrunken  ap¬ 
pearance  so  often  apparent  in  paraffin  sections  embedded  under  like 
conditions. 

Gelatin  embedding  is  of  minor  importance  but  useful  on  occa¬ 
sion,  as  when  it  is  necessary  to  kee[)  a  number  of  small  fragments 


I\\'rHOL()(;iCAI,  TECIINK^UK 


52 

of  tissue  together  while  making  frozen  sections  of  them.  The  gela¬ 
tin  embedding  method  is  given  in  detail  on  [)ages  34-TS. 

1.  PARAFFIN  METHOD 

Embedding  in  Paraffin.— Pure  paraffin,  melting  at  125°  F. 
(  51.6°  C.j,  can  be  obtained  cheaply  when  bought  in  large  quantities 
from  the  regular  dealers  in  paraffin  and  can  be  used  at  all  seasons 
of  the  year.  Cakes  of  refined  and  of  white  filtered  paraffin  are 
carried  by  dealers  in  laboratory  supplies  but  the  cost  is  much  higher. 
Paraffin  of  higher  melting  point  (  55°-56°  C.)  is  sometimes  preferred. 

Parafiin  embedding  can  be  particularly  recommended  for  tissues 
fixed  in  chrome  salts,  as  for  example  Zenker’s  fluid,  because  the 
potassium  bichromate  gives  to  the  tissues  a  denseness  or  solidity  that 
prevents  any  marked  shrinking,  which  is  so  evident  after  fixation 
in  formalin  and  in  alcohol.  On  this  account  it  is  sometimes  advis¬ 
able,  when  only  formalin-fixed  tissue  is  available,  to  mordant  it  for 
a  week  in  2.5  per  cent  potassium  bichromate  in  the  incubator  at 
37.5°  C.  before  dehydrating  and  embedding. 

Paraffin  embedding  is  especially  useful  when  very  thin  sections 
are  desired.  To  obtain  the  best  results  the  pieces  of  tissue  should 
be  small,  soft,  and  of  uniform  consistence.  In  pathological  work 
it  is  much  better  to  cut  the  sections  and  to  stain  them  after  they  are 
fastened  to  the  slide  than  to  stain  in  the  mass  beforehand,  because 
then  a  variety  of  stains  may  be  used.  A  complete  or  perfect  series 
is  not  so  important  as  in  embryology,  but  with  a  little  care  can  be 
obtained. 

The  first  step  in  the  preparation  of  fixed  and  hardened  tissues 
for  the  paraffin  bath  is  to  cut  them  into  thin,  square  or  rectangular 
pieces,  not  over  2  cm.  perhaps  for  the  best  results,  and  not  over 
2  to  3  mm.  thick  if  they  are  not  so  cut  before  fixation.  It  should 
be  stated,  however,  that  with  proper  skill,  a  heavy  sharp  knife  and 
a  rigid  microtome,  very  thin  paraffin  sections  can  be  obtained  with 
tissues  measuring  4  by  3  cm.,  and  even  more.  The  pieces  of  tissue 
are  then  thoroughly  dehydrated  by  soaking  first  in  95  per  cent  and 
then  in  absolute  alcohol.  From  alcohol  they  are  put  into  some 
medium  that  has  the  pro])erty  of  mixing  with  alcohol  and  of  dis¬ 
solving  paraffin. 

A  variety  of  reagents  can  be  used  for  this  [lurpose.  Rolles  Lee 
preferred  oil  of  cedarwood  to  all  others.  We  used  chloroform,  a 
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m'lU'ral  la\()riU\  for  many  years  and  then  shifted  to  oil  of  eedar- 
wood.  It  lias  proved  very  satisfaetory.  Romeis  prefers  methyl- 
benzoate  and  reeommends  it  highly,  esjiecially  when  it  contains  an 
admixture  ot  celloidin.  Other  reagents  often  used  are  benzol,  xylol 
and  toluol.  The  two  latter  tend  to  make  the  tissues  hard  and  arc 
not  so  easily  removed  from  the  paraffin  bath  as  the  more  volatile 
benzol. 

Method  Xo.  1  (Oil  oj  Cedarwood) 


1.  ,\lcohol,  95  per  cent  (2  changes)  6-24  hrs. 

2.  Alcohol,  absolute  (2  changes)  6-24  hrs. 

3.  Alcohol,  absolute,  and  xylol  (equal  parts)  6-12  hrs. 

4.  Oil  of  cedarwood  (2  changes)  6-24  hrs. 

5.  Xylol,  to  remove  oil  (2  changes)  30  min. 

6.  Paraffin  bath  (4  changes,  until  no  odor  of 

oil  of  cedarwood )  2-  8  hrs. 

7.  Block  and  cool  quickly  in  cold  water 


The  following  modification  of  IMethod  No.  1  is  recommended  for 
certain  brittle  tissues,  such  as  animal  tissues,  which  are  difficult  to 
section  after  fixation  in  Zenker’s  fluid; 


Method  No.  lA 


1.  Alcohol,  95  per  cent  (2  changes) 

2 

hrs. 

2.  Alcohol,  absolute  (2  changes) 

3.  Alcohol,  absolute,  and  xylol  or  benzol 

2-  4 

hrs. 

(equal  parts) 

1-  2 

hrs. 

4.  Oil  of  cedaiwvood  (  2  changes) 

5.  Benzol  or  xylol  to  remove  oil 

12-24 

hrs. 

(2  changes) 

10-30 

min 

6.  Paraffin  bath  (4  changes) 

7.  Block  and  cool  quickly  in  cold  water 

2-  4 

hrs. 

Method  No.  2  (Chloroforiu) 

1.  Alcohol,  95  per  cent  (2  changes) 

6-24 

hrs. 

2.  Alcohol,  absolute  (2  changes) 

6-24 

hrs. 

3.  Chloroform 

6-24 

hrs. 

4.  Chloroform  saturated  with  jiaraffin 

6-24 

hrs. 

5.  Paraffin  bath  (4  changes) 

6.  Block  and  cool  fjuickly  in  cold  water 

2-  4 

hrs. 
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Method  No.  3  (Acrtonr-Bcnzol) 

1.  Acetone  >/._  2  hrs. 

Benzol  15_30  min. 

5.  Paraffin  bath  (3  changes)  30-90  min. 

4.  Block  and  cool  quickly  in  cold  water. 

This  method  is  recommended  when  there  is  great  haste  but 
tissues  shrink  considerably,  more  so  than  in  other  methods. 

Romeis  prefers  the  following  method  of  embedding  with  benzol: 

Method  No.  4  {Benzol) 

1.  Alcohol,  95  per  cent  (2  changes) 

2.  Alcohol,  absolute  (2  changes) 

3.  Benzol 

4.  Paraffin  bath  (4  changes) 

5.  Block  and  cool  quickly  in  cold  water 

Method  No.  5  (Mcthylhenzoatc,  Peter fi’s  Celloidin  Method  [1921]) 


1.  Alcohol,  95  per  cent  (2  changes) 

6-12  hrs. 

2.  Alcohol,  absolute  (2  changes) 

6-12  hrs. 

3.  Methylbenzoate,  containing  1  per  cent 

celloidin  (2  changes) 

24-48  hrs. 

4.  Benzol  (2  changes) 

20-30  min 

5.  Benzol  saturated  with  paraffin  (place  on 

top  of  paraffin  oven) 

2  hrs. 

6.  Paraffin  bath  (3  changes) 

2-  4  hrs. 

7.  Block  and  cool  quickly  in  cold  water 

'Fhe  celloidin  adds  a  certain  amount  of  support  to  delicate 
tissues  but  for  many  it  is  unnecessary.  It  dissolves  very  slowly  in 
the  methylbenzoate.  For  this  reason  Romeis  advises  that  in  Step  5 
sections  be  placed  on  top  of  the  paraffin  oven.  Too  high  a  tempera¬ 
ture  is  to  be  avoided  as  it  breaks  down  the  celloidin  and  causes  the 
formation  of  injurious  acids. 

Method  No.  6  {Graupner’.';  and  WclssbergcP s  Dioxane  Method 

[1931]) 

I'he  tissues  are  fixed  in  any  desired  fixative.  After  Bouin’s  fluid 
or  formalin  no  washing  is  necessary.  Dehydrate  and  embed  as 
follows; 


6-24  hrs. 
6-24  hrs. 
6-24  hrs. 
3-  6  hrs. 
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1.  Dioxane.  100  per  cent 

1 

hr. 

2.  Dioxane,  100  per  cent 

1 

hr. 

3.  Dioxane,  100  per  cent 

2 

hrs. 

4.  Baraffm  bath 

15 

min 

5.  Paraffin  bath 

45 

min 

6.  Paraffin  bath 

2 

hrs. 

7.  Block  and  cool  quickly  in  cold  water 

If  the  tissue  is  very  delicate  it  may  first  be  put  in  a  mixture  con¬ 
sisting  of  50  jier  cent  fixative,  and  50  per  cent  dioxane,  or  even 
started  with  only  25  per  cent  dioxane,  then  50  per  cent,  75  per  cent 
and  100  i)er  cent.  When  the  tissue  is  spongy  (containing  air  bub¬ 
bles)  fixation  and  dehydration  should  be  done  in  a  partial  vacuum 
( use  a  chemical  vacuum  desiccating  jar  attached  to  an  ordinary 
water  vacuum  pump). 

Dioxane  is  heavier  than  paraffin.  Because  of  this  it  will  settle 
to  the  bottom  of  the  paraffin  cup  and  care  should  be  taken  to  shake 
the  cup  well  before  emptying  it.  The  dioxane  may  be  reclaimed 
for  further  use  in  the  first  changes  by  keeping  it  in  a  flask  in  the 
bottom  of  which  are  a  few  lumps  of  unslaked  lime  (CaOj).  Cal¬ 
cium  oxide  is  more  satisfactory  for  this  purpose  than  calcium 
chloride,  which  was  recommended  earlier  for  the  purpose,  as  dioxane 
itself  reacts  with  the  latter. 

This  reagent  dioxane  (1:4  diethylene  dioxide)  was  introduced 
in  1931  by  Graupner  and  Weissberger  and  has  recently  been  in¬ 
creasing  in  importance  as  a  means  of  dehydrating  tissues.  It  has 
the  proiierty  of  being  miscible  with  water,  ethyl  alcohol,  clearing 
oils  and  melted  paraffin.  It  dissolves  balsam,  gum  dammar  and, 
with  some  difflculty,  cold  paraffin.  Dioxane  is  about  as  inflammable 
as  ,95  per  cent  alcohol  but  has  a  somewhat  lower  volatility.  The 
vapor  in  a  concentration  of  1:1000  is  definitely  poisonous.  Several 
cases  of  fatal  poisoning  have  been  reported  among  industrial 
workers  following  exposure  to  excessive  amounts  of  vapor,  but 
such  an  exposure  is  not  likely  to  occur  in  an  ordinary  technical 
laboratory. 

Dioxane  has  been  userl  chiefly  as  a  means  of  dehydration  in 
paraffin  embedding.  Various  technicjues  have  been  recommended. 
'Bhe  above  method  is  that  given  by  Mossman  (  19,^7). 
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As  yet  no  satisfactory  method  of  using  dioxane  in  the  celloidin 
technique  has  been  found.  It  can  be  used  to  replace  alcohol  in  the 
staining  of  paraffin  sections. 

One  important  advantage  of  dioxane  is  that  tissues  may  be  stored 
in  it  for  long  periods  of  time  (at  least  2-3  years)  without  injuring 
their  ability  to  stain  or  causing  them  to  harden. 

For  blocking  the  specimens  infiltrated  with  paraffin  metallic 
boxes  can  be  used,  or  forms  made  round  or  square  from  strips  of 
sheet  lead  or  tin.  Many  prefer  paper  boxes  which  we  have  always 
used  and  which  can  be  made  easily  of  any  size  desired  from  stiff 
writing  paper. 

Melted  paraffin  is  poured  into  the  paper  box  to  the  depth  of 
about  1.5  cm.  or  more.  The  pieces  of  tissue  are  then  placed  in  the 
box  with  the  side  down  from  which  sections  are  to  be  cut.  When 
all  the  pieces  are  arranged  in  order  with  a  space  about  0.5  cm.  or 
more  between  them,  the  box  is  placed  on  the  surface  of  a  large  dish 
of  cold  water,  on  which  it  floats,  so  that  the  paraffin  may  cool 
quickly  without  crystallizing.  Sometimes  before  hardening  the 
paraffin  it  is  advisable  to  set  the  paper  box  with  the  specimens  in 
it  in  the  paraffin  oven  for  a  short  while  to  get  rid  of  any  bubbles 
carried  in  by  the  specimens. 

Cutting  of  Paraffin  Sections. — After  the  paraffin  has  hardened 
the  paper  is  removed  and  the  tissues  are  cut  apart  with  a  scalpel 
and  each  block  is  fastened  to  a  microtome  disk  by  heating  the 
latter  in  a  flame  until  it  will  just  melt  the  paraffin  when  the  block  is 
held  in  proper  position  against  it,  The  holder  is  then  quickly  cooled 
in  cold  water. 

The  upper  surface  of  the  paraffin  should  now  be  shaved  down  to 
the  specimen.  The  four  sides  are  to  be  carefully  trimmed;  the 
upper  and  lower  surfaces  should  be  parallel  and  not  cut  too  close 
to  the  specimen,  otherwise  the  sections  will  not  adhere  to  each  other 
in  cutting  ribbons;  the  lateral  surfaces  should,  as  a  rule,  be  cut 
close  to  the  tissue,  especially  if  very  thin  sections  are  desired,  be¬ 
cause  if  a  rim  of  paraffin  is  left  it  is  likely  to  cause  wrinkling  of  the 
section.  The  holder  is  finally  carefully  adjusted  in  the  paraffin 
microtome. 

Paraffin  sections  should  be  cut  not  over  7  /x  in  thickness,  prefer¬ 
ably  thinner  if  possible.  To  get  good  sections  that  will  adhere  to 
each  other  and  form  a  ribbon  the  temperature  of  the  room  must  be 
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ri'guhitt'd  to  suit  tlu'  do^rcx*  ot  hardness  of  the'  paiaflin  us(‘d.  An 
opt'ii  window  will  oltt'n  make  all  the  dillerenee  needed  to  oht.dn 
tiood  results.  'Fhe  harder  the  paraffin  the  warmer  the  room  must 
be.  The  temperature  can  be  raised  by  burning  a  Hunsi'n  llame  neai 
the  microtome,  or  lowerc'd  by  the  ])rescnce  of  a  lump  ot  ice.  It  will 
often  be  found  advantageous  to  dii)  the  holder  and  parafhn  block 
into  ice  water  or  to  apply  ice  to  the  specimen,  when  tixed  in  the 
microtome,  fc'r  a  few  minutes  just  before  cutting. 

Fhe  ribbons  of  sections  as  cut,  usually  a  slideful,  are  laid  on 
the  stirface  of  a  large  dish  of  warm  water  (about  44  ('.)  and  if 

necessary  gently  stretched  so  as  to  remove  all  wrinkles.  Place  a 
drop  or  two  of  Mayer's  albumin-glycerin  mixture  on  a  slide  and 
spread  evenly  with  a  towel  until  only  a  faint  layer  is  left.  Dip  the 
slide  under  the  sections,  arrange  them  in  order,  lift  the  slide  and 
drain  off  the  water.  The  slide  is  then  placed  in  a  slanting  position 
until  dry,  when  it  is  put  into  an  open  slide  box  and  placed  in  the 
paraflin  oven  for  2  to  12  hours  at  a  temperature  of  about  54°  C. 
This  process  attaches  the  sections  firmly  on  the  slide. 

To  remove  the  paraffin  from  sections  treat  with  2  or  3  changes 
of  xylol,  and  then  with  absolute  followed  by  95  per  cent  alcohol. 

If  for  any  reason  the  celloidin  and  oil  of  cloves  mixture  is  used 
for  attaching  sections  to  the  slide,  the  paraffin  is  removed  by  means 
of  xylol,  followed  by  oil  of  origanum  or  bergamot,  and  finally  by 
95  per  cent  alcohol  as  absolute  alcohol  will  dissolve  the  celloidin. 

Attachment  of  Paraffin  Sections  to  the  Slide. — The  most 
reliable  method  is  by  means  of  Mayer’s  (1883)  albumin-glycerin 
mixture,  which  is  composed  of  equal  parts  of  white  of  egg  and  of 
glycerin.  The  mixture  should  be  thoroughly  beaten  and  then 
filtered  through  absorbent  cotton  or  filter  paper.  The  process  is 
hastened  by  filtering  in  the  paraffin  oven  (54°  C.).  A  small  lump 
of  camphor  or  of  thymol  should  be  added  to  prevent  decomposition 
due  to  growth  of  microorganisms.  .Although  it  is  stated  that  egg 
albumin  is  dissolverl  by  alkalies  and  acids  we  have  never  experienced 
any  trouble  with  the  borax  methylene  blue  solution  or  the  acids 
used  in  rlecolorizing  sections  stained  for  the  tuberch'  bacillus  to 
cite  two  examples. 

■Another  method  of  attaching  paraffin  sections  to  the  slide  is  b_\' 
means  of  capillary  attraction.  It  is  the  ideal  method  but  i>  not  so 
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reliable  as  when  the  slide  is  coated  with  albumin-glycerin.  Use  is 
made  of  distilled  or  tap  water,  or  better  still  perhaps  of  30  per  cent 
alcohol,  d'he  slide  must  be  absolutely  clean.  The  strip  of  paraffin 
sections  is  flattened  out  on  the  surface  of  warmed  water,  or  30  per 
cent  alcohol,  in  the  usual  way,  the  slide  is  slipped  under  it,  lifted  up 
and  the  fluid  drained  off.  Evaporation  of  the  fluid  causes  the  sec¬ 
tions  to  stick  fast  to  the  slide.  The  process  is  hastened  by  putting 
the  slide  into  a  drying  oven  with  a  temperature  of  40°  to  45°  C. 
The  incubator  at  37°  C.  is  not  warm  enough  and  the  paraffln  oven 
at  54°  C.  is  too  hot. 

A  third  method  recommended  is  to  use  Schallibaum’s  (1883) 
solution  of  celloidin  1  part  in  3  to  4  parts  of  oil  of  cloves.  Cover 
the  slide  with  a  thin  layer  of  the, solution.  Arrange  the  sections  in 
order  on  the  slide  and  place  it  in  the  paraffin  oven  at  54°  to  60°  C. 
for  several  hours,  or  heat  for  a  few  seconds  to  half  a  minute  over 
the  flame  until  the  oil  of  cloves  runs  together  in  drops.  After  cool¬ 
ing,  remove  the  paraffin  with  xylol.  As  absolute  alcohol  must  be 
avoided,  pass  through  oil  of  origanum  to  95  per  cent  alcohol  and 
proceed  as  with  other  paraffin  sections. 


Masson’s  (1928)  gelatin  method  of  attaching  paraffin  sections 
to  slides  has  been  found  useful  where  warm  alkaline  silver  solutions 
are  employed.  Sections  so  treated  seldom  float  off  the  slide.  Dis¬ 
solve  0.05  gm.  of  gelatin  (ordinary  sheet  gelatin  5  mm.  square)  in 
20  cc.  of  distilled  water,  warming  it  over  the  flame.  Place  slides  on 
a  warm  plate,  filter  a  large  drop  of  the  gelatin  solution  on  each  slide 
and  float  the  paraffin  section  on  it.  .\s  soon  a.s  the  section  spreads 
out,  stand  slide  up  to  drain,  holding  the  section  in  place  with  a  brush 
or  needle.  When  the  excess  gelatin  has  drained  off  (do  not  allow 
the  section  to  dry),  blot  and  place  at  once  in  the  oven  at  40°  to  50° 
C.  in  formaldehyde  vapor.  The  formaldehyde  vapor  is  secured  by 
placing  an  open  dish  of  formalin  together  with  a  staining  dish  con¬ 
taining  the  slides  inside  a  large  covered  culture  dish.  For  staining 
with  hematoxylin  and  aniline  dyes  20  minutes  in  the  hot  formalde¬ 
hyde  vapor  suffice;  for  silver  staining  the  slides  should  be  left  for 
several  hours  or  overnight. 

Serial  Sections  by  the  Paraffin  Method.— To  obtain  serial 


sections  by  the  paraflin  method  it  is  necessary  only  to  avoid  losing 
any  of  the  sections  from  the  ribbon  as  ordinarily  cut.  Perhaps  the 
easiest  and  safest  way  is  to  cut  long  ribbons  and  to  place  them  on 
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"lu'cts  of  paper  in  the  pro])er  order,  I'hey  ean  (hen  Ix'  div'ided 
la'adily  h\'  means  ol  a  sealpel  into  a  sliort  serii's  of  any  desiia'd  luim 
her  of  seetions  and  fastened  to  numbered  slides  by  nu'ans  ol  Mayi'r  s 
albumin-ydycerin  mixture. 

2.  CELLOIDIN  METHOD 

Embedding-  in  Celloidin. —  Perfectly  s;itisfaetory  cclloidin  of 
various  makes  is  obtainal)le  in  jars,  containing  each  about  28  gm., 
in  the  form  of  dry  strii)s  wliich  can  be  ])ut  immediately  into  a  mix¬ 
ture  of  erjual  })arts  of  absolute  alcohol  and  ether.  One  jar  of  cel¬ 
loidin  to  350  cc.  of  absolute  alcohol  and  ether  will  yield  approxi¬ 
mately  an  8  per  cent  solution.  'Phis  is  the  so-called  “thick  celloidin" 
and  can  be  diluted  to  make  a  4  percent  solution  (thin  celloidin)  as 
desired.  A  preserving  jar  makes  an  excellent  container  and  the 
celloidin  goes  into  solution  fairly  readily  if  the  jar  is  inverted  from 
time  to  time  or  if  the  contents  is  stirred  with  a  glass  rod. 

The  stej)s  of  the  celloidin  embedding  |)rocess  are  as  follows: 
Iheces  of  tissue  which  have  been  fixed  and  finally  j^reserved  in  SO 
per  cent  alcohol  are  first  to  be  cut  up  intelligently.  They  should 
rarely  be  over  2  to  4  mm.  thick;  for  most  j^urposes  2  mm.  will  be 
sufficient.  Pieces  of  this  thickness  will  furnish  a  hundred  sections 
or  more,  will  embed  more  quickly  than  larger  pieces,  and  will  be 
more  rigid  when  mounted  on  a  block.  They  should  never  be  broader 
or  longer  than  is  necessary  to  show  the  whole  process  to  be  studied. 
\’ery  thin  celloidin  sections  cannot  usually  be  obtained  with  tissues 
over  1.5  to  2  cm.  square,  and  smaller  dimensions  are  preferable. 
Beginners  usually  embed  larger  pieces  than  necessary. 

The  trimmed  pieces  of  tissue  are  first  hardened  and  dehydrated 
for  24  hours  in  95  per  cent  alcohol,  followed  by  24  hours  in  absolute 
alcohol;  then  soaked  in  equal  parts  of  absolute  alcohol  and  ether 
for  the  same  length  of  time  to  prepare  them  for  the  thin  celloidin. 
In  the  latter  they  remain  at  least  24  hours,  preferably  for  a  number 
of  days,  if  at  all  thick,  for  in  this  solution  occurs  most  of  the  infiltra¬ 
tion  with  celloidin.  Finally,  the  tissues  are  soaked  24  hours  or  more 
in  thick  celloidin.  They  are  then  mounted  on  blocks  of  vulcanized 
fiber,  placed  in  chloroform  for  1  to  2  hours,  and  then  transferred  to 
80  per  cent  alcohol. 

Brielly  summed  u]),  the  ste[)s  of  embedding  in  celloidin  are  as 
follows: 
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1.  Alcohol,  95  per  cent  (2  changes) 

2.  Alcohol,  absolute  (2  changes) 

3.  Alcohol,  absolute,  and  ether  (equal 

parts) 

4.  Celloidin,  thin  ^ 

5.  Celloidin,  thick  [ 

6.  Mount  on  blocks  of  vulcanized  fiber 

7.  Harden  celloidin  in  chloroform  for 

1  to  2  hours,  followed  by  80  per 
cent  alcohol 

The  quick  embedding  method  used  for  surgical  and  other  tis¬ 
sues  shortens  the  various  steps  to  a  minimum.  The  solutions  must 
be  changed  frequently  owing  to  absorption  of  fat  which  softens  the 
celloidin. 

1.  Fix  thin  pieces  of  tissue  in  the  formalin- 


alcohol  mixture 

12-18 

hrs. 

2.  Alcohol,  95  per  cent  (2  changes) 

2 

hrs. 

3.  Alcohol,  absolute  (2  changes) 

4.  Alcohol,  absolute,  and  ether  (equal 

3 

hrs. 

parts) 

3 

hrs. 

5.  Celloidin,  thick 

12-15 

hrs. 

6.  Mount  on  blocks  of  vulcanized  fiber  and 
harden  in  chloroform  for  1  hour  fol¬ 
lowed  by  80  per  cent  alcohol 


Cut  and  stain  sections  with  alum  hematoxylin  and  dilute  eosin  or 
phloxine,  and  mount  as  usual. 

Instead  of  mounting  directly  from  the  thick  celloidin  it  is  some¬ 
times  advisable  to  allow  the  celloidin  to  evaporate  until  a  firm  mass 
is  obtained.  This  is  particularly  true  when  very  loose  tissues  are 
to  be  embedded. 

The  simplest  method  is  to  place  the  pieces  of  tissue,  which  have 
been  soaking  in  thick  celloidin,  in  proper  position  in  a  glass  dish 
and  pour  thick  celloidin  over  them.  The  dish  is  then  covered,  but 
not  too  tightly,  and  the  ether  is  allowed  to  evaporate  for  2  or  more 
days  until  the  proper  consistence  of  celloidin  is  reached,  so  that  it 
can  be  cut  out  in  blocks  enclosing  the  specimens.  If  the  ether 
evaporates  too  rapidly  place  a  large  dish  or  a  bell-jar  over  the 


24  hrs. 

24  hrs. 

24  hrs. 

24  hrs. 
to 

1  or  more  weeks 
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C()\t'rt‘(l  dish.  Mount  (he  l)locks,  after  th(‘y  have  been  cut  out  and 
trimmed,  by  (liiij'tin^  (he  bases  in  thick  celloidin  and  then  pressinfj 
them  onto  blocks  of  vulcanized  fiber.  Place  in  chloroform  for  1  to  2 
hours  and  then  transfer  to  80  per  cent  alcohol. 

Cutting-  of  Celloidin  Sections.— After  (he  celloidin  mounts 
have  been  in  80  [ler  cent  alcohol  for  from  1  to  several  hours,  the 
celloidin  is  of  the  proper  consistence  for  cutting.  It  is  best  to  take 
a  shar|)  knife  and  trim  the  top  of  the  celloidin  down  to  where  the 
first  good  section  of  the  specimen  can  be  cut;  this  will  save  con¬ 
siderable  wear  on  the  microtome  knife. 

In  cutting,  the  microtome  knife  should  be  fastened  obliquely, 
so  that  as  much  of  the  edge  of  the  knife  as  possible  shall  be  used  in 
making  each  section.  The  surface  of  the  knife  should  be  kept  wet 
with  80  or  95  per  cent  alcohol,  preferably  from  an  overhanging 
dropping-bottle.  Celloidin  sections  should  be  cut  as  thin  as  pos¬ 
sible,  from  10  to  16  /I  for  tissues  in  general.  Sections  of  bone  often 
have  to  be  cut  as  thick  as  20  to  22  /-i  in  order  to  get  sections  of  the 
wdiole  block  of  tissue. 

If  the  sections  curl,  as  often  happens  when  they  are  thin,  they 
are  best  tlattened  by  unrolling  them  on  the  surface  of  the  knife  with 
a  camel’s  hair  brush  just  before  the  last  edge  of  celloidin  is  cut 
through,  as  this  serves  to  keep  them  fixed  in  place  during  the  process. 
This  method  can  be  used  wdien  the  simple  transferring  of  sections 
from  alcohol  to  water  is  not  sufficient  to  uncurl  them. 

Celloidin  sections  can  be  stained  by  nearly  all  methods,  without 
the  necessity  of  removing  the  celloidin.  When  necessary,  however, 
the  celloidin  is  readily  removed  by  transferring  the  sections  from 
absolute  alcohol  into  oil  of  cloves  or  into  a  solution  of  equal  parts 
of  absolute  alcohol  and  ether  for  5  to  10  minutes,  and  then  passing 
them  back  through  absolute  into  95  per  cent  alcohol. 

Serial  Sections  by  the  Celloidin  Method. — 1.  With  a  little 
care  perfect  serial  sections  can  be  made  by  the  following  method, 
and  each  slide  of  sections  can  be  stained  in  wdiatever  way  seems 
best.  The  specimen  is  embedfled,  mounted  on  vulcanized  fiber,  and 
hardened  in  chloroform  followefl  by  80  per  cent  alcohol  in  the  usual 
way.  In  cutting,  moisten  the  microtome  knife  with  95  per  cent 
alcohol.  .4s  the  sections  are  cut  they  are  drawn  up  on  the  surface 
of  the  knife  and  arranged  in  regular  order  by  means  of  a  camel’s 
hair  brusli  until  a  slideful  is  r('ady.  I'hey  are  then  drawn  on  a  clean 
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and  nunilK'iTd  slide  held  against  the  back  of  the  knife.  After  being 
carefully  arranged  the  sections  are  fastened  to  the  slide  by  means 
of  ether  vapor  poured  over  them  from  a  half-full  bottle.  Care  must 
be  taken  that  the  entire  edge  of  the  celloidin  is  fully  softened  down. 
The  slides  are  then  placed  in  a  jar  of  80  per  cent  alcohol  to  be 
stained  at  leisure. 

2.  Rubaschkin  (1907),  Dantschakoff  (1908)  and  Maximow 
(1909)  recommend  the  following  procedure:  Slide  the  sections  and 
as  little  of  the  70  per  cent  alcohol  as  possible  from  the  cutting  knife 
to  a  slide  on  which  has  been  spread  a  small  drop  of  Mayer’s 
albumin-glycerin  mixture.  Then  press  the  sections  down  with 
smooth  folded  filter  paper  and  cover  with  pure  oil  of  cloves  which 
will  clear  the  sections  in  5  to  20  minutes.  Drain  off  the  oil  and  pass 
the  sections  slowly  through  3  changes  of  absolute  alcohol  (5-10 
minutes).  Place  in  alcohol  and  ether,  equal  parts,  to  complete  the 
removal  of  celloidin  and  then  transfer  to  70  per  cent  alcohol  before 
staining. 

3.  Another  method,  often  convenient  where  the  stain  is  of  little 
importance,  is  as  follows:  The  tissue  is  stained  in  bulk  in  alum 
cochineal,  or  some  other  staining  fluid  that  will  penetrate,  and  then 
embedded  in  celloidin  in  the  usual  way.  After  being  mounted  on 
vulcanized  fiber  the  specimen  is  hardened  in  chloroform.  From  the 
chloroform  it  is  transferred  to  oil  of  thyme.  After  it  is  thoroughly 
penetrated  by  the  latter  it  is  ready  to  be  cut.  The  knife  is  to  be 
moistened  with  oil  of  thyme.  The  sections  as  cut  are  arranged  on 
the  knife.  The  slides  covered  with  sections  can  be  placed  under  a 
bell-jar  as  fast  as  they  are  ready  until  all  are  cut,  because  the  oil 
of  thyme  evaporates  slowly.  Balsam  and  coverslips  can  be  added 
after  the  cutting  is  finished. 

4.  Darkshevitch’s  method  is  to  prepare  a  series  of  circles  of  filter 
paper  cut  to  fit  a  wide-mouthed  bottle  or  jar  and  to  number  the 
papers  consecutively.  As  each  section  is  cut  it  is  placed  first  in 
water  to  flatten  it  out  and  then  in  alcohol.  It  is  then  transferred 
by  means  of  a  spatula  to  its  proper  place  on  a  numbered  paper. 
The  papers  are  piled  up  in  numerical  order  in  alcohol  in  the  jar  and 
can  be  kept  indefinitely.  It  is  comparatively  easy  to  trace  a  lesion 
if  desired  and  numbered  sections  can  be  removed  and  stained  in¬ 
dividually  in  fiat  dislu's.  FiTTpiently  every  tenth  or  twentieth  sec¬ 
tion  is  stained  first  and  in  this  way  much  time  can  be  saved. 
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5.  \Vei,Li:crt's  (  18S5  )  nielhod  for  a  scries  of  cclloidin  sections  wa- 
desiuined  esi^ecially  for  (he  ner\’ous  system  and  is  rather  compli 
cated.  The  process  depends  on  transferring  the  sections  to  narrow 
strijis  of  tissue  paper.  I'o  do  tliis  eacli  section  as  cut  is  arranged 
in  pro|)er  position  close  to  tlu'  c‘dge  of  the  knife.  'Phen  a  strip  ol 
tissue  ]Kiper  twice  as  wide  as  the  section  is  gently  placed  on  it  and 
the  sectir)ns  withdrawn  from  the  knife.  'I'he  success  of  the  process 
depends  on  having  but  little  alcohol  on  the  knife,  otherwise  the  sec¬ 
tions  will  not  stick,  k'ach  section  is  placed  on  the  [)ai)er  to  the  right 
of  the  last  one.  d'he  strii)s  of  paper  when  full  are  kept  moist  by 
being  {daced  with  the  sections  uppermost  on  a  moist  surface  com- 
poseil  of  a  layer  of  blotting  paper  wet  with  alcohol,  covered  with  a 
sheet  of  tissue  [xq^er,  and  lying  in  a  shallow  dish. 

When  all  the  sections  have  been  cut  each  strip  of  them  is  taken 
in  turn  and  coated  on  both  sides  with  a  thin  fdrn  of  celloidin  in  the 
following  way:  A  strij)  with  the  sections  below  is  first  pressed 
gently  down  on  the  surface  of  a  slide  covered  with  a  thin  layer  of 
celloidin.  This  fastens  the  sections  and  the  paper  can  be  removed. 
'I'hen  a  thin  coat  of  celloidin  is  poured  over  the  sections  and  the 
slide  is  placed  on  its  edge  to  drain.  When  the  surface  of  the  cel¬ 
loidin  is  dry  the  strips  can  be  marked  by  a  fine  brush  dipped  in 
methylene  blue.  As  soon  as  the  slides  are  placed  in  the  staining 
solution  the  celloidin  peels  off,  taking  the  sections  with  it.  Later 
the  strips  of  sections  can  be  divided  as  desired.  On  account  of  their 
thickness  they  should  be  cleared,  after  dehydrating  in  95  jier  cent 
alcohol,  in  a  mixture  of  xylol  3  parts,  and  carbolic  acid  crystals 
1  part. 

6.  \'erhoeff  (1907)  recommemls  that  in  cutting  the  sections  the 
knife  should  not  be  carried  entirely  through  the  celloidin  block  and 
an  uncut  edge,  about  3  mm.  wide,  should  be  left  each  time,  .After 
20  or  more  sections  are  cut  in  this  way  the  knife  is  carrieil  all  the 
way  through,  thus  producing  a  little  book  of  sections.  It  is  prob¬ 
ably  most  convenient  to  keep  each  book  in  a  separate  bottle,  but 
no  difficulty  is  usually  experienced  in  determining  the  proiier  order 
after  the  sections  are  mounted.  .Another  way  to  keep  them  in  order 
is  to  string  them  on  a  silk  thread  through  their  uncut  margins.  In 
beginning  a  new  book  a  wider  margin  should  be  left  for  the  first  one 
or  two  sections,  as  otherwise  the  sections  may  not  adhere,  or  the 
first  section  may  be  cut  at  double  thickness.  Each  book  is  stained 
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in  the  same  manner  as  a  single  section,  except  that  it  is  best  to  use 
slowly  acting  stains  so  that  the  staining  will  be  uniform  throughout. 
The  individual  sections  are  not  separated  until  the  book  is  in  alcohol 
preliminary  to  clearing.  Then  each  section  is  either  torn  off  with 
forceps,  or  the  book  is  taken  up  on  cigarette  paper  and  the  uncut 
margin  removed  with  scissors.  Each  section  in  order  is  then  re¬ 
moved,  cleared  quickly  in  oil  of  origanum,  and  placed  on  a  slide. 

7.  Suzuki  (1909)  recommends  spreading  the  sections  out  on  a 
slide  or  glass  plate,  blotting  the  celloidin  at  one  corner  of  the  section, 
and  marking  the  number  of  the  section  on  it  with  India  ink  by 
means  of  a  fine  pointed  brush.  The  sections  are  placed  in  80  per 
cent  alcohol  after  marking. 

Attachment  of  Celloidin  Sections  to  the  Slide. — A  celloidin 
section  can  be  fairly  well  attached  to  a  slide  by  transferring  it  from 
water  to  a  slide  freshly  washed  in  alcohol  and  dried  with  a  cloth. 
The  section  should  then  be  blotted  firmly  with  filter  paper  so  as  to 
apply  it  closely  to  the  slide  and  to  remove  all  wrinkles.  It  should 
not  be  allowed  to  dry.  A  section  treated  in  this  way  will  ordinarily 
stand  considerable  manipulation  without  becoming  loose. 

Celloidin  sections  can  be  more  securely  attached  by  transferring 
them  from  95  per  cent  alcohol  to  clean  slides  and  pouring  over  them 
ether  vapor  from  a  bottle  half  full  of  ether.  With  a  little  practice 
sections  can  be  fastened  in  a  few  seconds.  Follow  slowly  along  the 
edge  of  the  celloidin  and  the  frills  in  it  will  soften  down.  Then  dip 
the  specimen  in  80  per  cent  alcohol  to  harden  the  celloidin. 

Another  excellent  method  is  that  described  for  fixing  frozen  sec¬ 
tions  to  the  slide. 
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DYES,  SOLUTIONS  AND  NUCLEAR  STAINING  METHODS 

1.  GENERAL  DISCUSSION 

Dyes  and  staininjj;  methods  are  of  the  greatest  importance  in 
histological  work,  and  yet  most  of  what  is  known  about  them  has 
been  obtained  empirically.  .Accidental  observations  have  been  the 
starting  point  of  much  of  our  information  and  have  oitened  the  way 
for  the  ajiplication  of  knowledge  and  training  and  for  experimental 
work  in  many  directions. 

Dyes  are  ordinarily  divided  into  two  classes — the  natural  and 
the  artificial.  The  natural  dyes  were  used  first  tmd  are  few  in  num¬ 
ber,  the  most  important  being  hematoxylin,  carmine  and  orcein. 
The  artificial  or  coal  tar  dyes  came  into  use  later,  are  already  very 
numerous  and  are  steadily  increasing  in  number.  It  is  doubtful, 
however,  if  they  ever  entirely  replace  the  natural  stains  because  the 
latter  have  certain  valuable  qualities  of  their  own. 

The  staining  of  tissue  elements  and  pathological  products  de¬ 
pends  on  a  variety  of  conditions  which  are  mostly  chemical  or 
physical  in  nature.  The  staining  of  iron  by  the  Berlin  blue  method 
is  purely  chemical,  as  is  also  the  staining  of  iron,  copper  and  lead 
by  hematoxylin.  On  the  other  hand,  the  staining  of  fat  by  Sudan 
III  and  I\’  is  due  entirely  to  a  physical  property.  Fat  absorbs  these 
dyes.  The  staining  of  nuclei  by  the  dye  hematoxylin  is  probably 
chemical  in  nature,  due  to  the  presence  in  them  of  metals  ( iron, 
aluminum,  lead).  Staining  with  alum  hematoxylin,  on  the  other 
hand,  is  probably  not  a  chemical  process. 

The  purpose  of  staining  is  to  render  j)rominent  the  different 
tissue  elements  so  that  they  may  be  readily  recognized  and  studied. 
The  constant  tendency  nowadays  is  toward  selective  or  differential 
-taining  methods,  by  which  but  one  tissue  element  will  be  colored 
to  th('  exclusion  of  all  others,  or  at  least  of  any  (dement  that  might 
!)('  confused  with  it  moipliologically.  d'lu'se  s(dectiv('  stains  ('liable 
us  to  differentiate  from  each  other  with  ('as('  and  accuracy  cellular 
and  intercellular  elements  or  pathological  [iroducts  which  otherwise 
look  alike. 
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1'lu'  list  fz:i\('n  below  floes  not  pretend  to  be  either  complete  or 
perfect  in  arran<);cment,  but  will  give  some  idea  of  the  various  ele¬ 
ments  we  wish  to  sttiin. 


f 


Cell 


I  Chromatin  fcliromosomes) 

Xuclcus  I  Xudeolus 

[  I.inin  (spindle) 

Centriole 

Cilia 

ColKi  apparatus 
Mitochondria  (plastosomes) 

Myelin 

Dendritic  processes  of  ganglion  cells 
Xeurolibrils 

:  Axis  cylinflers  and  terminal  processes 
j  Myoglia  fibrils  (smooth  muscle) 

Myolibrils  (striated  muscle;  anisotropic  and  isotropic  disks) 
|•'i^)roglia  fibrils 
X'euroglia  fibrils 
Cyto]dasm  -j  Epithelial  fibrils 
Erythrocytes 

i  blood  platelets  and  megakaryocytes 


['  Leukocytes,  5  different  types 
I’issue  eosinophiles 
j  Mast  cells 
'  Plasma  cells 
J  Parietal  cells  (stomach) 
i  A,  b  and  C  islet  cells  (pancreas) 

I  Zymogen  granules  (gastro-intestinal  tract,  pancreas) 

I  basophilic,  acidophilic  and  chromophobic  cells  (pituitary 
I  gland) 

[  Xissl  bodies  (ganglion  cells) 


Inten  ellular 
substances 


I  Cement  substance  of  epithelial  and  endothelial  cells 
I  ( rroLind  substance  of  connective  tissue 
'  Collagen  fibrils  and  reticulum 
■j  Mucous  connective  tissue,  mucin 
I  Elastic  fibrils 

I  Intercellular  substance  of  cartilage 
[  (bound  substance  of  bone 


Xormal  and 
pathological 
tissvic  con^ 
stituents 


(  Clycogen 
[  Mucin 
Keratohyalin 
Eleidin 
Colloid 
Amyloid 
;  Hvalin 
j  Pat  ^ 

■;  Pibrin 
I  Melanin 
'  Hemoglobin 

I  llemofuscin  and  copper  hemofuscin 
Hemosiderin 
i  Hematoidin 
bile 

Uric  acid 
Calcium 


The  simplest  stain  is,  of  course,  that  for  nuclei,  and  it  can  be 
obtained  with  a  great  variety  of  staining  reagents.  The  most  diffi- 
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cult  element  heretofore  to  stain  differentially  has  probably  been  the 
axis  cylinder,  but  it  is  now  easily  stained  in  |)roperly  fixed  and  mor¬ 
danted  tissues  by  means  of  the  lead  chloride  hematoxylin  method. 

'I'issue  elements  and  patholof^ical  products  differ  from  each  other 
not  only  in  form  and  consistence  but  also  in  chemical  properties. 
While  perfect  [^reservation  of  form  is  sufficient  to  dislinj^uish  certain 
cells  or  elements  from  each  other,  for  instance,  polymorphonuclear 
leukocytes  from  lymphoid  cells,  rlifferentiation  based  on  distinctive 
staining  methods  is  always  to  be  preferred  when  possible.  A  few  of 
the  tests  emjdoyed  are  colorless,  such  as  the  preciiiitation  of  mucin 
by  acetic  acid.  C'ertain  tests,  for  instance  the  methylene  blue  stain 
for  axis  cylinders,  can  be  apjdied  to  fresh  tissues  only.  Others, 
such  as  various  amyloid  reactions,  can  be  obtained  with  fresh  or 
hardened  tissues.  Most  of  the  differential  staining  methods,  how¬ 
ever,  can  be  employed  only  with  tissues  that  have  been  properly 
preserved.  It  is  exceedingly  important,  therefore,  that  a  tissue 
element  should  be  so  fixed  and  hardened  that  its  peculiar  chemical 
or  physical  properties  are  preserved  intact,  otherwise  a  differential 
stain  for  it  is  impossible.  Each  tissue  element  is  a  law  unto  itself. 
For  example,  certain  peculiar  chemical  properties  of  red  blood  cor¬ 
puscles  depend  on  the  presence  in  them  of  hemoglobin.  .\s  a 
differential  stain  of  the  red  blood  corpuscles  depends  on  fixing  this 
substance  in  them,  it  is  necessary  to  find  out  the  chemical  properties 
of  hemoglobin,  such  as  the  fact  that  it  is  soluble  in  water  or  dilute 
alcohol  but  not  in  salt  solution,  and  that  it  is  fixed  in  the  red  blood 
corpuscles  by  heat,  absolute  alcohol  and  ether  (equal  parts),  cor¬ 
rosive  sublimate,  formalin,  potassium  bichromate,  and  so  on. 

While  differential  stains  depend  in  part  on  the  chemical  and 
physical  properties  of  the  tissue  elements,  they  depend  to  a  certain 
extent  on  the  chemical  properties  of  the  staining  reagents  and  the 
decolorizers  used. 

Some  of  the  tissue  elements  can  be  stained  differentially  in  a 
number  of  ways,  sometimes  after  one  fixing  agent,  sometimes  after 
another.  The  simplest  differential  stains  are  those  where  certain 
tissue  elements  stain  directly  in  a  given  solution  after  they  have 
been  properly  fixed.  Excellent  examples  are  Ehrlich’s  triple  stain 
for  certain  cytoplasmic  granules  in  leukocytes,  and  the  direct  stain 
for  elastic  fibers  with  an  acid  alcohol  solution  of  orcein. 

Other  differential  stains  depend  on  the  property  of  certain  ele- 
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nicnts  to  retain  colors  they  have  once  taken  up  when  treated  with 
decolorizers.  The  best  example  of  this  is  the  tubercle  bacillus, 
which  holds  certain  stains  through  various  acids  followed  by  alcohol 
and,  if  necessary,  through  a  contrast  stain. 

Still  another  varied  group  of  elements  (certain  bacteria,  fibrin, 
neuroglia  fibers)  depend  for  a  differential  stain  in  part  on  changes 
produced  in  crystal  violet  by  iodine  and  in  part  on  the  decolorizer 
employed  for  extracting  the  coloring  reagent. 

.Although  the  steps  of  the  various  staining  methods  differ  con¬ 
siderably,  they  may  be  roughly  arranged  in  the  following  order: 

1.  Staining.  4.  Dehydrating. 

2.  Differentiating.  5.  Clearing. 

3.  Decolorizing.  6.  Mounting. 

Very  often  two  or  more  of  the  steps  are  combined  in  one,  as 
when  aniline  is  used  for  decolorizing,  dehydrating  and  clearing  sec¬ 
tions  stained  for  certain  bacteria.  Sometimes  the  staining  process 
occupies  more  than  one  step,  as  in  Weigert’s  myelin  sheath  stain. 
In  alum  hematoxylin  the  differentiating  reagent,  the  excess  of  alum, 
is  combined  with  the  stain;  in  Gram’s  method  the  differentiating 
reagent,  iodine,  forms  a  step  by  itself. 

In  order  to  avoid  repetition,  staining  methods  of  general  appli¬ 
cation  are  given  under  the  important  dye  used,  but  methods  of 
special  application  only  will  be  found  under  the  tissue  element  or 
pathological  product  for  which  they  are  designed. 

The  following  steps  are  essential  before  staining  cut  sections  of 
paraffin  embedded  tissues. 

1.  Pass  slides  through  several  changes  of  xylol  to  remove  the 
paraffin.  At  least  2  changes  are  essential. 

2.  .Absolute  alcohol,  2  changes  to  remove  xylol. 

3.  Place  sections  in  1  or  2  changes  of  95  per  cent  alcohol. 

4.  If  sections  have  been  fixed  in  Zenker’s  fluid,  or  any  other 
fi.xative  containing  mercuric  chloride,  place  in  a  0.5  per  cent  solu¬ 
tion  of  iodine  in  95  per  cent  alcohol  for  5  to  10  minutes  to  remove 
the  mercuric  di'posit. 


5.  W'usli  in  w;it('r. 

().  Remove  iodine  by  several  changes  of  95  per  cent  alcohol  or 
by  treating  with  a  0.5  per  ciaU  a(|ueous  solution  of  sodium  thio¬ 
sulfate  (“hypo”)  for  5  minutes.  d1ie  latter  method  is  quicker 

and  also  cheaiier. 
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7.  Wash  slides  thoroughly  in  water. 

The  sections  are  now  ready  for  any  stain  that  may  be  desired. 
For  stains  made  up  with  alcohol  instead  of  water,  it  is  sometimes 
desirable  to  place  sections  in  95  per  cent  alcohol  before  pouring  on 
the  stain. 

2.  NATURAL  DYES 
(1)  Hematoxylin  and  Hematein 

Hematoxylin  is  one  of  the  most  imiiortant  and  valuable  staining 
reagents  we  have  in  histological  work  owing  to  the  lact  that  it  and 
its  oxidized  derivative  hematein  have  the  property  of  combining 
with  various  metals  to  form  colored  compounds.  Some  of  these  aie 
soluble  in  water  or  other  lluids  and  some  are  not.  A  few  are  valuable 
as  staining  reagents  and  have  long  been  in  use  in  the  laboratory 
for  example,  the  combinations  of  hematein  with  aluminum,  iron, 
chromium,  copper  and  tungsten.  The  staining  properties  of  the 
compounds  depend  both  on  the  metals  and  on  the  salts  of  them 
employed. 

The  active  coloring  agent  in  most  hematoxylin  stains  is  hematein, 
which  is  gradually  formed  in  the  ordinary  solutions  from  hemat¬ 
oxylin  by  oxidation,  a  process  occupying  a  number  of  days  or  weeks 
and  spoken  of  as  “ripening.”  This  ripening  can  be  done  almost 
instantaneously  by  the  use  of  certain  oxidizing  reagents  such  as 
hydrogen  peroxide,  potassium  permanganate,  sodium  iodate,  sodium 
perborate  and  mercuric  oxide,  or,  according  to  Neild  ( 19.54),  by  ex¬ 
posure  in  an  open  dish  to  a  Cooper-Hewitt  burner. 

The  various  tissue  elements  and  pathological  products  which 
hematoxylin  and  hematein  in  combination  with  certain  metals  can 
stain  and  the  metals  needed  are  as  follows: 


Nuclei 

Myelin  sheaths 
Elastic  fibers 
Collagen 

Fibroglia,  myoglia,  neurog¬ 
lia  and  epithelial  fibrils 
Axis  cylinders 
Mucin 
l’'ibrin 


aluminum,  iron,  tungsten 
chromium,  copi^er,  iron 
iron 

molybdenum 

tungsten 

lead 

iron 

tungsten 


70 


P  A THO  LO C'.  I C  A  I,  TE CHN I ( J  HE 


I'he  oldest  and  most  commonly  used  staining  compound  of  hem¬ 
atoxylin  is  that  with  aluminum  and  it  is  as  useful  today  as  when 
first  discovered.  It  is  made  up  as  follows: 

Aqueous  Alum  Hematoxylin. — 


Hematoxylin 

Ammonium  or  potassium  alum 

Water,  distilled 

Thymol 


1  gm. 

20  gm. 


400  cc. 

1  gm. 


The  hematoxylin  crystals  are  dissolved  in  100  cc.  of  water  by 
the  aid  of  gentle  heat  and  then  added  to  the  alum  dissolved  in  the 
rest  of  the  water.  After  the  addition  of  thymol  to  prevent  the  growth 
of  mold,  the  combined  solution  is  exposed  to  air  and  light  in  a  flask 
or  bottle  lightly  stoppered  with  a  plug  of  cotton.  The  solution  will 
be  ripened  sufficiently  for  use  in  about  10  days,  after  which  time  it 
should  be  kept  in  a  tightly  stoppered  bottle.  The  solution  is  very 
easily  prepared,  gives  excellent  results,  and  will  keep  at  its  best  for 
2  to  3  months. 

More  alum  than  is  needed  to  combine  chemically  with  the  hem¬ 
atoxylin  is  always  added  to  the  solution  for  the  reason  that  it  acts 
as  a  differential  decolorizer,  limiting  the  stain  largely  to  the  nuclei 
of  the  cells.  As  alum  hematoxylin  solutions  become  older  they  stain 
more  quickly  but  also  more  diffusely.  The  diffuseness  of  staining 
can  be  counteracted  by  adding  enough  alum  water  ( 5  per  cent  solu¬ 
tion  )  to  make  the  stain  precise  again.  good  alum  hematoxylin 
solution  ought  not  to  stain  the  celloidin  in  which  a  section  is  em¬ 
bedded.  If  the  celloidin  stains  more  or  less  deeply  it  shows  that  the 
solution  requires  more  alum.  The  above  solution  can  be  ripened  at 
once  by  adding  to  it  0.177  gm.  of  potassium  permanganate  or  17.7 
cc.  of  a  1  per  cent  aqueous  solution. 

The  simple  aqueous  alum  hematoxylin  solution  is  not  very 
stable.  In  a  large  laboratory  where  much  of  it  is  used  it  is  con¬ 
venient  to  make  uj)  a  supply  every  month  or  so,  let  it  ripen  spon¬ 
taneously  and  use  it  while  it  is  at  its  best.  The  hematoxylin  present 
keeps  ripening  into  hematein  and  then  into  a  higher  oxidized  product 
which  is  precipitated,  in  consequence  of  which  it  is  ad\  isable  always 
to  niter  the  solution  just  before  using  it. 

\kirious  reagents  have  been  added  to  alum  hematoxylin  solu- 
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tions  in  order  to  improve  their  keeping  {|uali(ies  Init  without  great 
success.  The  best  seem  to  he  alcohol,  glycerin  and  certain  acids. 
The  simi)le  solution  gives  the  richer  staining,  the  acid  solutions  the 
sharj)er  nuclei  hut  little  else.  Some  of  them,  such  as  the  sim|)le 
aqueous  solution,  recjuire  an  antiseptic  to  prevent  the  growth  of 
mold  in  the  alum  solution. 

Method  oj  Staining.-  -\.  Stain  formalin-  or  alcf)hol-fixed  tissues 
in  one  of  the  hematoxylin  solutions  1  to  5  minutes  or  sometimes  even 
longer.  Sections  of  Zenker-fixed  tissue  usually  require  at  least  1 
hour  or  longer. 

2.  Wash  in  several  changes  of  tap  water  and  then  leave  sections, 
if  possible,  for  several  hours  or  overnight  in  several  changes  of 
water,  or  better  still,  wash  in  running  tap  water  for  10  to  30 
minutes. 

3.  If  a  contrast  stain  is  desired  use  a  0.1  to  0..S  percent  solution 
of  phloxine  or  eosin  in  25  per  cent  alcohol  for  1  to  5  minutes. 

4.  Wash  in  water. 

5.  Differentiate  in  several  changes  of  95  per  cent  alcohol  to  re¬ 
move  excess  of  contrast  stain. 

6.  Dehydrate  in  absolute  alcohol  if  paraft'in  sections  are  used. 

7.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  transfer  directly  from  95  per  cent 
alcohol  to  terpineol  or  oil  of  origanum  and  after  blotting  section  on 
slide  mount  in  balsam. 

If  overstaining  of  the  tissue  has  occurred  decolorize  in  1  per 
cent  alum  water,  1  per  cent  acetic  acid,  or  in  acid  alcohol,  followed 
by  thorough  washing  in  tap  water. 

Results. — Nuclei  bright  blue;  cartilage  dark  blue.  Mucin  tends 
to  stain  blue,  especially  after  fixation  in  absolute  alcohol.  All  other 
structures  are  stained  a  bright  pink. 

Several  other  standard  solutions  which  have  been  much  used 
and  liked  are  as  follows: 

Delafield’s  Alum  Hematoxylin  (1885). — 

Hematoxylin  4  gm. 

Alcohol,  95  per  cent  25  cc. 

Ammonium  alum,  saturaterl  aqueous  solution 
(about  15  per  cent) 


40C  cc. 
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Add  the  lieinatuxylin  dissolved  in  the  alcohol  to  the  alum  solu¬ 
tion  and  expose  the  mixture  in  an  unstoppered  bottle  to  light  and 
air  for  3  to  4  days.  Filter  and  add: 

Glycerin  100  cc. 

Alcohol,  95  per  cent  100  cc. 

Allow  the  solution  to  stand  in  the  light  until  the  color  is  suffi¬ 
ciently  dark,  then  filter  and  keep  in  a  tightly  stoppered  bottle.  The 
solution  keeps  well  and  is  extremely  powerful.  As  it  deteriorates 
it  acquires  a  reddish  tint.  It  would  seem  advisable,  both  in  this 
solution  and  in  Ehrlich’s,  to  combine  the  alum,  hematoxylin  and 
water,  and  to  ripen  the  solution  for  2  to  3  weeks  before  adding  the 
other  ingredients  which  have  a  tendency  to  prevent  oxidation.  A 
fully  ripened  solution  would  then  be  obtained  more  quickly  and 
surely. 

The  more  customary  method  of  using  Delafield’s  alum  hemat¬ 
oxylin  solution  is  to  filter  a  few  drops  of  it  into  a  dish  of  tap  water 
and  to  stain  sections  for  a  long  time,  even  overnight,  with  the  very 
dilute  solution  thus  obtained.  It  is  sometimes  advisable  to  use  the 
aqueous  alum  solution  in  the  same  way. 

Harris’  Alum  Hematoxylin  ( 1900). — 


Hematoxylin 

1 

gm 

Alcohol,  absolute 

10 

cc. 

Ammonium  or  potassium  alum 

20 

gm 

Water,  distilled 

200 

cc. 

Mercuric  oxide 

0.5 

gm 

Dissolve  the  hematoxylin  in  the  alcohol,  the  alum  in  the  water 
by  the  aid  of  heat,  and  mix  the  two  solutions  together.  Bring  the 
mixture  to  a  boil  as  rapidly  as  possible  and  then  add  the  mercuric 
oxide.  The  solution  at  once  assumes  a  dark  purple  color.  As  soon 
as  this  occurs  remove  the  vessel  containing  the  solution  from  the 
llame  and  cool  by  plunging  at  once  into  a  basin  of  cold  water.  As 
soon  as  it  is  cool  the  solution  is  ready  for  staining.  This  solution 
keeps  for  years  in  a  tightly  stoppered  bottle,  according  to  Harris. 
The  addition  of  4  per  cent  of  glacial  acetic  acid  increases  the  pre¬ 
cision  of  the  nuclear  staining. 
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Ehrlich’s  Acid  Alum  Hematoxylin  (  1886).— 


1  h'lnatoxylin  2  gni. 

Alcoliol.  95  per  eeiil  100  cc. 

Water,  distilled  100  ec. 

(dycerin  100  cc. 

Aninioiiiuni  or  potassium  alum  5  gm. 

Acetic  acid,  glacial  10  cc. 


1  )issolve  the  hematoxylin  in  the  alcohol  and  then  add  the  other 
ingredients.  Ripen  by  exposure  to  the  air  in  a  paper-capped  vessel 
for  2  weeks  or  longer,  agitating  frecjuently.  Tightly  corked  in  a 
bottle  it  will  keep  for  a  long  time.  It  may  be  ripened  at  once  by 
the  addition  of  0.4  gm.  of  sodium  iodate  (NaTO;;). 

d  he  solution  gives  a  sharp  nuclear  stain  but  sections  must  be 
washed  thoroughly  in  tap  water  to  remove  all  traces  of  acetic  acid 
and  to  bring  out  the  desired  clear  blue  color. 

Mayer’s  Acid  Alum  Hematoxylin  (1891). — 


Hematoxylin 

1 

gm 

Water,  distilled 

1000 

cc. 

Sodium  iodate 

0.2 

gm 

.\mmonium  or  potassium  alum 

50 

gm 

Citric  acid 

1 

gm 

Chloral  hydrate 

50 

gm 

Dissolve  the  hematoxylin  in  the  water,  using  gentle  heat  if  neces¬ 
sary,  then  add  the  sodium  iodate  and  the  alum.  Shake  occasionally 
until  the  alum  is  dissolved,  then  add  the  citric  acid  and  the  chloral 
hydrate.  The  color  turns  a  reddish  violet.  The  solution  keeps  a 
long  time  without  overripening.  This  is  Mayer’s  latest  alum  hem¬ 
atoxylin  solution.  He  prefers  it  to  his  hemalum  solution,  made  with 
hematein,  because  hematoxylin  is  more  dependable  than  its  ripened 
derivative. 

The  principle  of  the  staining  method  with  the  various  solutions 
of  alum  hematoxylin  is  the  same,  but  the  time  re(|uired  depends  on 
the  ripeness  of  the  solution  and  on  the  lixative  used.  It  varies  from 
1  to  2  minutes  or  longer  after  alcohol  or  formalin  to  1  hour  or  longer 
after  Zenker’s  Iluid.  The  washing  in  tap  water  must  be  thorough, 
especially  if  the  staining  solution  contained  an  acid. 

.Mum  hematoxylin  is  used  chielly  as  a  nuclear  stain,  either  alone. 
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or  followed  by  phloxine,  eosin  or  van  (7ieson’s  solution.  It  is  also 
useful  for  staininj^  nuclei  in  contrast  with  fat  and  tubercle  bacillus 
stains. 

Weigert’s  Iron  Hematoxylin  (1904). — Fixation.- -\ny  fixa¬ 


tive  may  be  used. 

Staining  Solution. -- 

Solution  A 

Hematoxylin  1  gm. 

.Alcohol,  95  per  cent  100  cc. 

Solution  B 

Iron  chloride  (29  per  cent  aqueous  solution)  4  cc. 

Water,  distilled  95  cc. 

Hydrochloric  acid  1  cc. 


For  use  mix  equal  i)arts  of  .A  and  B.  The  mixture  will  turn  a 
deep  black  and  is  best  prepared  fresh  each  time,  although  it  will 
keep  and  can  be  used  for  several  days. 

Method  oj  Staining. —  1.  Stain  sections  for  several  minutes  or 
longer. 

2.  Wash  in  water. 

3.  If  a  counterstain  is  desired,  place  sections  for  a  few  seconds 
in  van  Gieson’s  solution  ( p.  92). 

4.  Wash  in  water. 

5.  Differentiate  in  95  per  cent  and  dehydrate  in  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  transfer  to  terpineol  or  oil  of  orig¬ 
anum  directly  after  95  per  cent  alcohol  and  after  blotting  section  on 
slide  mount  in  balsam. 

Results. — Nuclei  black;  connective  tissue  red;  cytoplasm  yel¬ 
lowish. 

Heidenhain’s  Iron  Hematoxylin  (1896). — Fixation. — Corro¬ 
sive  sublimate,  Zenker’s  tluid,  alcohol  or  other  fixatives.  Embed  in 
paraffin.  Sections  should  not  be  cut  over  5  n  thick. 

Staining  Solutions. — 


.Ammonio-Ferric  .Alum 

2.5  gm. 
100  cc. 


Ammonio-ferric  alum 
Water,  distilled 
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Alcoholic  1  leniatoxylin 


1  leniatoxylin 
Alcohol,  95  per  cent 
W'ater,  distilled 


0.5  ^ni 
10  cc. 
90  cc. 


Dissolve  the  heniatoxylin  in  the  alcohol  and  add  the  water. 
Place  in  a  bottle  with  a  cotton  phi<j;  and  allow  the  solution  to  ripen 
for  4  to  5  weeks.  For  use  dilute  with  equal  jiarts  of  distilled  water. 
I'he  solution  may  be  used  over  and  over  again. 

Method  of  —  1.  Mordant  the  sections  in  the  animonio- 

ferric  alum  solution  for  5  to  12  hours.  The  sections  should  be 
placed  vertically  in  the  solution  so  that  no  precipitate  will  fall  on 
them. 

2.  Wash  quickly  in  water. 

5.  Stain  for  1  to  36  hours  in  the  alcoholic  hematoxylin  solution. 

4.  Wash  in  water. 

5.  Differentiate  in  the  ammonio-ferric  alum  solution,  controlling 
the  results  with  the  microscope.  The  section  should  be  rinsed  be¬ 
fore  each  examination  in  tap  water,  which  immediately  stops  the 
decolorization. 

6.  Wash  in  running  water  for  15  to  60  minutes. 

7.  If  desired,  sections  may  be  counterstained  in  a  O.I  per  cent 
aqueous  solution  of  rubin  S  (acid  fuchsin)  or  of  orange  G  or  of 
light  green  for  5  to  15  minutes.  \'an  Gieson's  stain  (p.  92)  or  a 
simple  aqueous  solution  of  eosin  may  also  be  used. 

8.  Rinse  in  50  per  cent  alcohol. 

9.  Differentiate  and  dehydrate  in  95  per  cent  alcohol,  followed 
by  absolute  alcohol. 

10.  Clear  in  xylol  and  mount  in  balsam. 

Rrsrdfs. — Chromatin,  nucleoli,  mitochondria,  centrioles  and  cer¬ 
tain  parts  of  striated  muscle  fibers  are  stained  black.  Other  tissue 
elements  are  colored  by  the  contrast  stain  used. 

Mallory’s  Iron  Chloride  (Ferric)  Hematoxylin  (1900).— 
Fixation. — Any  fi.xative  may  be  used.  Embed  in  paraffin  or  cel- 
loidin. 

Staining  Solutions. — ■ 


Iron  Chloride 


Iron  chloride  ( ferric ) 
Water,  distilled 


5  gm . 
100  cc. 
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Hematoxylin 


Hematoxylin 
Water,  distilled 


0.5  gm. 
100  cc. 


The  solution  must  be  prepared  fresh  each  time. 

Method  oj  Staining. — 1.  Mordant  sections  for  1  hour  or  longer 
in  the  iron  chloride  solution. 

2.  Rinse  in  2  to  3  changes  of  tap  water. 

3.  Stain  for  1  hour  or  longer  in  the  hematoxylin  solution,  until 
the  sections  are  a  deep  blue-black. 

4.  Rinse  in  water  and  decolorize  in  a  0.25  per  cent  aqueous  solu¬ 
tion  of  iron  chloride  (ferric)  moving  the  sections  constantly  and 
controlling  the  process  with  the  microscope. 

5.  Wash  thoroughly  in  tap  water  and  counterstain  if  desired. 

6.  Dehydrate  in  95  per  cent  alcohol  followed  by  absolute  alcohol 
for  paraffin  sections. 

7.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  clear  in  terpineol  or  oil  of  origanum 
directly  after  95  per  cent  alcohol  and  after  blotting  on  the  slide 
mount  in  balsam. 

Results.- — Nuclei  deep  blue;  other  tissue  elements  colorless  or 
stained  by  the  counterstain  used.  In  the  common  type  of  cirrhosis 
the  hyalin  in  the  liver  will  stain  blue-black,  if  not  too  old. 

Mallory’s  Phosphotungstic  Acid  Hematoxylin  (1900). — 
Fixation. — Zenker’s  fluid  is  preferred  for  general  use.  Formalin- 
or  alcohol-fixed  tissues  can  also  be  used  for  certain  purposes. 

Staining  Solution. — 

Hematoxylin  1  goi. 

Phosphotungstic  acid  20  gm. 

Water,  distilled  1000  cc. 

Dissolve  the  solid  ingredients  in  separate  portions  of  the  water, 

the  hematoxylin  with  the  aid  of  gentle  heat.  \\  hen  cool,  combine. 
Nf)  preservative  is  necessary.  .Spontaneous  riiiening  requires  .sev¬ 
eral  weeks  but  can  be  accomplislu'd  at  once  by  adding  0.177  gm.  of 
|K)tassium  permanganate. 

Method  oj  Staining.-M  Zenker-fixed  (issues  are  used  treat  sec¬ 
tions  with  iodine  in  the  usual  way  in  order  to  remove  the  mercury 
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precipitate  and  then  extract  the  iodine  by  means  of  alcohol  or  a 
0.5  per  cent  solution  of  sodium  thiosulfate  for  several  minutes. 
Rinse  thoroughly  in  water. 

1.  Place  sections  in  a  0.25  per  cent  aqueous  solution  of  potas¬ 
sium  permanganate  for  5  to  10  minutes. 

2.  Wash  in  water. 

3.  Oxalic  acid.  5  per  cent  aqueous  solution,  10  to  20  minutes. 

4.  Wash  thoroughly  in  several  changes  of  water. 

5.  Stain  in  phosphotungstic  acid  hematoxylin  for  12  to  24  hours. 

6.  Transfer  sections  directly  to  95  per  cent  followed  by  absolute 
alcohol  for  paraffin  sections.  Dehydrate  {juickly  because  alcohol 
readily  extracts  the  red  part  of  the  stain. 

7.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used,  clear  with  xylol  from  95  jier  cent 
alcohol  by  means  of  the  filter  paper  blotting  method.  Origanum 
and  other  oils  cause  the  blue  stain  to  fade. 

Results. — Nuclei,  centrioles.  achromatic  spindles,  and  fibroglia, 
myoglia  and  neuroglia  fibrils,  fibrin  and  the  contractile  elements  of 
striated  muscle  are  stained  blue;  collagen  (including  reticulum) 
and  the  ground  substances  of  cartilage  and  bone  stain  varying 
shades  of  yellowish  to  brownish  red.  Coarse  elastic  fibrils  are  some¬ 
times  colored  a  purplish  tint. 

(2)  Cochineal,  Carmine  and  Carminic  Acid 

Cochineal,  a  deep  red  dye,  is  extracted  from  the  dried  bodies  of 
female  cochineal  insects.  From  it  is  manufactured  carmine,  which 
consists  of  the  dye  combined  with  aluminum,  calcium  and  protein. 
The  active  staining  principle  of  cochineal  and  of  carmine  is  car¬ 
minic  acid  which  can  be  obtained  in  pure  condition  and  which  forms 
readily  soluble  salts  with  alkali  metals,  and  insoluble  salts  with  the 
heavy  metals,  especially  aluminum.  Staining  solutions  with  some¬ 
what  different  properties  can  be  formed  from  all  three  dyes,  but 
nowadays  carmine  is  used  chiefly. 

Carmine  solutions  are  used  generally  for  four  purposes:  (  1 )  as 
a  stain  for  nuclei  in  bulk  (  a  method  of  much  less  value  to  the  path¬ 
ologist  than  to  the  embryologist);  (2)  to  stain  nuclei  red  in  con¬ 
trast  with  blue  stains  for  irun;  (3)  to  stain  glycogen;  and  (4)  as  a 
stain  for  mucin. 

Carmine  solutions  give  good  nuclear  stains,  but  of  the  finer  de- 
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tails  in  a  specimen  they  bring  out  distinctly  less  than  a  direct  alum 
hematoxylin  slain.  They  are  much  less  used  now  than  formerly  for 
nuclear  stains,  except  as  a  contrast  for  bacteria  and  fibrin  in  the 
methods  of  Gram  and  Weigert,  for  which  purpose  lithium  carmine 
will  usually  give  the  best  results,  and  as  a  contrast  with  the  elastic 
tissue  stain  of  Weigert. 

Many  formulas  for  carmine  stains  have  been  devised.  The  fol¬ 
lowing  seem  sufficient  to  satisfy  a  pathologist’s  needs.  Some  of  them 
stain  progressively  and  sharply;  others  overstain  and  have  to  be 
differentiated  in  an  alum  solution  or  in  a  weak  acid. 

Grenacher’s  Alum  Cochineal. — 


Powdered  cochineal  6  gm. 

.\mmonium  alum  6  gm. 

Water,  distilled  100  cc. 

Thymol  1  gm. 


Boil  for  30  minutes  and  then  add  water  to  make  up  for  that 
lost  by  evaporation.  Filter  and  add  the  thymol. 

Grenacher’s  Alum  Carmine  (  1879). — 


Carmine  2  gm. 

Ammonium  alum  3-5  gm. 

Water,  distilled  100  cc. 

Thymol  1  gm. 


Combine  and  boil  steadily  for  1  hour,  adding  enough  water  to 
make  up  for  that  lost  by  evaporation.  When  cool,  filter  and  add  the 
thymol  to  prevent  the  growth  of  mold. 

This  stain  is  useful  both  for  sections  and  for  tissues  in  bulk. 

Mayer’s  Carmalum  (  1892). — 


Carminic  acid  1  gm. 

.-\mmonium  or  potassium  alum  10  gm. 

\\'ater,  distilled  200  cc. 

Salicylic  acid  0.2  gm. 


Combine  and  dissolve,  using  heat  if  necessary.  .•Xfter  cooling 
add  the  salicylic  acid  to  prevent  the  growth  of  mold. 

Stain  as  below.  If  the  nuclei  are  not  sharp  enough  ditferentiate 
in  a  0.5  t(j  1  per  cent  acpieous  solution  of  alum,  a  few  seconds  to 
minutes  for  sections,  12  to  24  hours  for  tissue  in  bulk,  followed  by 
thorough  washing  in  water. 
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Any  of  th('  abovr  snlutinns  may  l)P  used  in  the  method  of  slain- 
inp  given  below. 

Fixation.  'I’issues  should  be  fixed  in  alcohol  or  formalin. 

Method  of  Stainiii!^.-  1.  Stain  celloidin  or  iiaraffm  sections  for 
5  to  20  minutes. 

2.  \\'ash  thoroughly  in  water. 

.V  Dehydrate  in  95  per  cent  and  absolute  alcohol  for  paraffin 
sections. 

4.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  clear  in  terpineol  or  in  oil  of  orig¬ 
anum  after  95  per  cent  alcohol. 

Rcsult.<;. — Xuclei  are  stained  a  brilliant  red.  Overstaining  does 
not  occur. 

These  solutions  cannot  be  recommended  for  tissues  that  stain 
with  difficulty.  When  used  for  staining  in  bulk  24  to  48  hours  are 
required. 

Grenacher’s  Alcoholic  Borax  Carmine  (  1879). — 


Carmine  2-3  gm. 

Borax  4  gm. 

Water,  distilled  100  cc. 

.Alcohol,  70  per  cent  100  cc. 


Grind  up  the  carmine  and  the  borax  in  a  mortar  and  then  boil 
in  the  water  for  30  minutes  until  dissolved.  After  cooling  add  the 
alcohol.  Shake  occasionally  during  a  period  of  several  weeks,  then 
decant  and  filter. 

This  solution  is  useful  for  staining  in  bulk.  The  tissues,  fixed, 
washed  and  dehydrated,  are  transferred  from  80  per  cent  alcohol 
into  the  solution  for  1  to  3  days,  then  transferred  directly  to  70 
per  cent  alcohol  containing  0.25  to  0.5  per  cent  hydrochloric  acid 
until  no  more  clouds  of  color  are  given  off  (shaking  occasionally 
during  the  1-3  days),  and  are  then  washed  out  in  acid-free  70  per 
cent  alcohol.  The  tissues  are  then  ready  for  embedding. 

Mayer’s  Alcoholic  Carmine  ( Paracarmine )  (  1892). — 


Carminic  acid 
•Aluminum  chloride 
Calcium  chloride 
.Alcohol,  70  per  cent 


1  gm. 
0.5  gm. 
4  gm. 
100  cc. 
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Dissolve  cold  or  with  gentle  heat;  allow  the  solution  to  settle 
and  then  filter. 

Stain  for  15  to  50  minutes  and  without  washing  in  water  differen¬ 
tiate  in  70  per  cent  alcohol,  to  which  is  added  2.5  per  cent  glacial 
acetic  acid  if  a  more  purely  nuclear  stain  is  desired. 

Staining  in  bulk  requires  24  to  48  hours. 

Orth’s  Lithium  Carmine  (1900). — Fixation. — ^Formalin  or 
alcohol. 

Staining  Solution. — 

Carmine  2.5-5  gm. 

Lithium  carbonate,  saturated  aqueous  solu¬ 
tion  (1.25  gm.  )  100  cc. 

Thymol  1  gm. 

Dissolve  the  carmine  in  the  lithium  carbonate  solution  and  boil 
for  10  to  15  minutes.  When  cool  add  the  thymol  to  prevent  the 
growth  of  mold.  When  used  as  a  counterstain  for  bacteria  in  the 
Gram-Weigert  method  this  solution  should  be  carefully  filtered. 

Alethod  of  Staining. — 1.  Stain  sections  2  to  5  minutes. 

2.  Transfer  directly  to  acid  alcohol  (hydrochloric  acid  1  cc.; 
alcohol,  70  per  cent,  99  cc.),  1  or  more  changes  for  several  minutes 
or  more  to  fix  the  dye  in  the  nuclei  and  to  differentiate  the  sections. 

3.  Wash  in  water. 

4.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

5.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  clear  in  terpineol  or  in  oil  of  orig¬ 
anum  after  95  per  cent  alcohol. 

Results. — This  method  gives  an  intense  and  permanent  bright 
red  nuclear  stain.  Overstaining  is  impossible.  A  trace  of  picric 
acid  added  to  the  alcohol  used  for  dehydration  affords  a  fine  con¬ 
trast  stain. 

It  is  not  recommended  for  staining  tissues  in  bulk  as  it  macerates 
strongly. 

Best’s  Carmine  Stain  for  Glycogen  (1906). — 


Carmine  2  gm. 

Potassium  carbonate  1  gm. 

Potassium  chloride  5  gm. 

Water,  distilled  60  cc. 


i)Yi';s,  SOI  i  rioxs  and  m’ci  i'.au  staimnc.  Mi'/nioDS  Si 

Boil  gently  and  cautiously  for  sevcaal  minutes.  Whcai  cool  add: 

Ammonia  water,  26  to  28  |>er  ecait  20  cc. 

'I'lie  solution  should  be  lightly  slopiiered  and  kej)!  in  the  ice¬ 
box  as  it  deteriorates  rai)idly  if  left  at  room  temperature*. 

h'or  method  of  staining  st'e  pages  12()-12S. 

Mayer’s  Mucicarmine  Stain  (1896). — 

Carmine  1  gm. 

Aluminum  chloride,  anhydrous  0.5  gm. 

Water,  distilled  2  cc. 

Combine  and  heat  over  a  low  llame  for  2  minutes,  stirring  con¬ 
stantly,  until  the  reddish  mixture  becomes  a  dark  color.  Remove 
from  the  tlame  and  gradually  add,  stirring  constantly,  100  cc.  of 
50  per  cent  alcohol.  Let  the  ^solution  stand  for  24  hours  and  then 
fdter. 

For  method  of  staining  see  jiage  130. 


(3)  Orcein 

Orcein,  a  vegetable  dye  obtained  from  certain  tinctorial  lichens, 
is  used  mainly  for  staining  elastic  fibers.  It  is  soluble  in  alcohol 
and  is  employed  either  in  a  neutral  or  acid  (FICl)  alcoholic  solution. 

(4)  Iodine 

Iodine  is  the  oldest  of  the  histological  stains,  but  is  now  little 
used  for  that  purpose,  except  as  a  stain  for  amyloid.  In  a  0.5  per 
cent  solution  in  95  per  cent  alcohol  it  is  used  for  the  removal  of  the 
precipitate  of  mercury  formed  in  tissues  fixed  in  corrosive  sublimate 
or  in  Zenker’s  fluid. 

Lugol’s  solution,  a  solution  of  iodine  in  water  containing  potas¬ 
sium  iodide,  is  of  varying  strength.  Iodine  in  this  form  is  used  as 
a  test  for  starch,  amyloid,  glycogen  and  corpora  amylacea.  In 
drain’s  stain  and  its  modifications  iodine  produces  some  chemical 
change  in  the  coloring  material  employed,  in  consequence  of  which, 
when  ap]n‘opriate  decolorizers  are  used,  the  stain  remains  fast  in 
certain  structures,  while  from  others  it  is  easily  and  entirely  ex¬ 
tracted. 

The  strength  originally  employed  by  Gram  (  1884)  for  his  stain¬ 
ing  method  was  as  follows: 

(> 
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(iraiii’s  Iodine  Solution 

Iodine  1  gm. 

Potassium  iodide  2  gm. 

Water,  distilled  300  cc. 

\\  eigert  (1887)  in  his  modification  of  this  method  employed  a 
stronger  solution: 


Iodine 

Potassium  iodide 
Water,  distilled 


1  gm. 

2  gm. 
100  cc. 


Later  he  recommended  the  following  strength  both  for  fibrin 
and  for  neuroglia  fibers: 


Potassium  iodide 
Water,  distilled 


5  gm . ) 
100  cc.  } 


saturate  with  iodine 


The  only  difference  in  the  action  of  the  various  solutions  prob¬ 
ably  is  that  the  strong  solution  acts  practically  instantaneously, 
while  the  weaker  solutions  require  some  little  time. 


3.  ARTIFICIAL  DYES  (ANILINE  DYES) 

Aniline  dyes  are  indispensable  for  certain  purposes.  A  list  of 
tissue  elements  and  pathological  products  which  can  be  stained  more 
or  less  specifically  by  them  and  of  the  dyes  capable  of  doing  so  is 


given  here. 


Bacteria 

Nuclei 

Fibroglia  and  other  fibrils 

Collagen 

Elastic  fibrils 

Xerve  fibrils 

Amyloid 

Fibrin 

Mucin 


methylene  blue,  crystal  violet, 
fuchsin,  and  others 
methylene  blue,  fuchsin,  safran- 
ine,  thionin,  and  others 
acid  fuchsin,  phloxine,  eosin 
aniline  blue,  acid  fuchsin 
fuchsin 

methylene  blue 
crystal  violet,  Congo  red 
crystal  violet 

methylene  blue,  and  others 


W'e  have  been  dependent  in  the  past  on  Germany  for  practically 
all  our  aniline  dyes.  Now,  as  the  result  of  the  World  War,  we  are 
manufacturing  our  own.  Some  of  them  are  of  the  highest  quality, 
others  are  not  so  reliable.  They  are  constantly  being  tested  by  the 
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(  < inmi ission  on  tiu'  .'^t;in(l;ir(li/,;il ion  ol  I>iolouic;iI  Stains,  founded 
in  1022.  I  )ycs  that  mc'cM  certain  specifu'd  re(|uir(Mnents  are  cer- 
tilu'd.  I  he  important  |)oint  is  lor  th('  purchaser  to  insist  on  cer- 
titied  dyes,  it  they  are  ohtainabU',  when  buying  from  the  retail  dealer 
as  many  jioor  l)rands  ol  dyes  imported  or  manufactured  by  incom¬ 
petents  during  and  since  tlie  war  are  still  for  sale. 

Because  aniline  dyes  are  not  chemically  pure  reagents  and  often 
contain  adulterants,  especially  de.xtrin,  Dr.  H.  |.  Conn,  Chairman 
ot  the  C  r)mmission,  strongly  advises  the  use  of  definite  quantities 
ol  saturatc'd  alcoholic  or  acjiieous  solutions  in  all  formulas  when 
|)ossible.  instead  of  so  many  grams,  because  in  this  way  the  same 
quantity  ot  dye  will  be  obtained  each  time. 

■Aniline  dyes  come  in  the  form  of  a  powder  or  as  crystals,  and 
mo^t  ol  them  keep  well  in  that  condition.  Methylene  blue  for  one, 
however,  seems  to  be  an  exception.  After  the  original  package  has 
been  opened  for  a  short  while  the  dye  is  said  to  lose  in  intensity  of 
staining  |)ower.  It  is  well  to  keep  on  hand  saturated  alcoholic  solu¬ 
tions  ot  certain  dyes  because  they  keep  well  in  that  form  and  are 
ready  tor  use  when  needed.  This  is  particularly  true  of  methylene 
blue,  fuchsin  (basic)  and  crystal  violet. 

.Aniline  dyes  are  coal  tar  dyes  and  may  be  considered  as  deriva- 
tive^  ol  the  hydrocarbon,  benzene,  CnHc,.  They  act  as  salts  having 
basic  or  acid  properties.  The  basic  colors  stain  cell  nuclei,  including 
bacteiia,  for  which  they  show  a  marked  affinity.  The  acid  colors 
■•'tain  diffusely.  The  basic  dyes  most  commonly  employed  in  path- 
ologictd  histology  are  methylene  blue,  fuchsin,  crystal  violet  and 
safranme.  Of  the  acid  colors,  eosin,  phloxine,  picric  acid  and  acid 
luchsin  are  most  in  use. 

As  a  ride,  every  aniline  dye  has  one  or  more  standard  solutions 
that  are  used  largely  to  the  exclusion  of  others  for  the  reason  that, 
being  required  for  certain  purposes,  they  are  kept  in  stock.  As  they 
aie  thu.^  always  at  hand  they  are  used  when  simple  solutions  would 
sufiice.  I'or  instance,  Loefller’s  methylene  blue  solution  is  often  used, 
because  ready  and  convenient,  when  a  simple  aqueous  solution  would 
do  as  well. 

In  the  following  pages  are  arranged  under  each  dye  the  solu¬ 
tions  most  in  use. 

Any  of  the  basic  aniline  dyes  may  be  used  as  a  nuclear  stain 
alter  the  following  general  method- 
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1.  Slain  paraffin  sections  in  a  strong  solution  of  the  dye  preferred 
in  water  or  in  dilute  alcohol  for  5  to  30  minutes. 

2.  Wash  in  water. 

3.  Differentiate  in  95  per  cent  alcohol. 

4.  Dehydrate  in  absolute  alcohol. 

5.  Clear  in  xylol. 

6.  Mount  in  balsam. 

If  celloidin  sections  are  used  differentiate  in  95  per  cent  alcohol, 
blot  with  filter  paper  and  clear  in  xylol. 

As  a  matter  of  fact,  however,  certain  dyes  and  solutions  are  used 
generally  in  preference  to  others.  Most  of  the  colors  are  more  or 
less  affected  by  all  clearing  reagents  except  xylol.  With  paraffin 
sections  and  those  from  which  the  celloidin  has  been  removed  it  is 
very  easy  to  dehydrate  in  absolute  alcohol  and  to  clear  in  xylol. 
With  celloidin  sections,  however,  this  is  impossible  because  the  abso¬ 
lute  alcohol  will  dissolve  the  celloidin  and  this  is  usually  not  de¬ 
sirable.  For  celloidin  sections,  therefore,  blot  with  filter  paper  and 
then  pour  on  xylol;  repeat  the  blotting,  followed  by  xylol,  two  or 
three  times  until  the  specimen  is  perfectly  clear  and  then  mount  in 
balsam. 

In  washing  out  the  excess  of  color  it  is  sometimes  found  advan¬ 
tageous  to  acidulate  very  slightly  either  the  water  or  the  first  alcohol 
with  acetic  or  hydrochloric  acid.  This  process,  if  not  carried  too 
far,  tends  to  make  the  nuclear  stain  sharper. 

Methylene  Blue. — Solubility  at  26°  C.;  in  water  3.55  per  cent; 
in  alcohol  1.48  per  cent. 

1.  Saturated  solution  (about  1.48  per  cent)  in  95  per  cent  or 
absolute  alcohol.  A  stock  solution  for  making  other  solutions.  It 
can  be  used  as  a  stain  by  adding  1  part  to  9  parts  of  water. 

2.  Aqueous  solutions  of  various  strengths  can  be  made  up  as 
needed. 

3.  Loeffler’s  Methylene  Blue  Solution  (1884). — 

Methylene  blue,  saturated  solution  in  95  per 

cent  alcohol  (about  1.48  per  cent)  30  cc. 

Sodium  hydroxide,  1:10,000  aqueous  solution  100  cc. 

This  is  one  of  the  most  u.seful  of  the  aniline  staining  solutions  and 
will  keep  for  a  long  time  without  losing  much  in  staining  power. 
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4.  Kiihiie’s  Methylene  Blue  Solution- 

Methylciu'  blue,  saturated  alcoholic  solution 

(about  1.48  per  cent)  10  cc. 

Carbolic  acid  water,  5  per  cent  90  cc. 

This  is  a  stron,a:er  staining  solution  than  Loefller’s  but  the  re- 
>uUing  stain  does  not  seem  so  sharp  and  clear. 

5.  Gabbett’s  Methylene  Blue  Solution  (1887j.- 

Mcthylene  blue  2  gm. 

Sulfuric  acid  25  cc. 

Water,  distilled  75  cc. 

'rhis  stain  is  used  as  a  decolorizer  and  as  a  contrast  for  tubercle 
bacilli. 

6.  Unna’s  Alkaline  Methylene  Blue  Solution  (1891). — 

Methylene  blue  1  gm. 

Potassium  carbonate  1  gm. 

Water,  distilled  100  cc. 

This  strongly  alkaline  solution  of  methylene  blue,  recommended 
by  Unna  for  staining  plasma  cells,  has  been  found  extremely 
valuable  as  a  general  stain  in  combination  with  phloxine  or  eosin, 
which  should  be  used  first.  The  solution  stains  better  after  ripen¬ 
ing  for  a  week  or  two  and  should  be  diluted  1 : 10  or  1:5  for  staining. 

7.  Unna’s  Polychrome  Methylene  Blue  Solution  (1891). — The 

polychrome  methylene  blue  solution,  much  used  by  Unna  in  various 
staining  methods,  is  an  old  alkaline  solution  of  methylene  blue,  of 
which  the  one  given  above  is  the  original  formula  and  in  which,  in 

consequence  of  oxidation,  methyl  violet  and  methylene  red  have 

formed.  Months  are  required  for  the  process  of  oxidation  to  take 
place,  at  normal  temperature.  It  may  be  greatly  shortened  by 
means  of  heat. 

8.  Goodpasture’s  Acid  Polychrome  Methylene  Blue  Solution 

(1917).^^ 

Methylene  blue 

Potassium  carbonate 

Water,  distilled  400  cc. 

-Acetic  acid,  glacial  3  cc. 


1  gm. 
1  gm. 


Dissolve  the  ingredients  thoroughly  and  boil  in  a  tlask  for  30 
minutes.  The  methylene  blue  will  be  polychromed  and  most  of  it 
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precipitated.  When  the  solution  is  cool  add  the  acetic  acid.  Shake 
thoroughly  until  the  precipitate  is  dissolved  and  then  boil  gently  for 
5  minutes  or  until  the  solution  is  concentrated  to  a  volume  of  200  cc. 
Cool  it  in  tap  water.  It  is  ready  for  use  immediately,  may  be  used 
over  and  over,  does  not  precipitate  and  keeps  indefinitely. 

9.  Sahli’s  Borax  Methylene  Blue  Solution  ( 1885). — 

Methylene  blue,  saturated  aqueous  solution 

(about  3.55  per  cent)  24  cc. 

Borax,  5  per  cent  aqueous  solution  16  cc. 

Water,  distilled  40  cc. 

Mix,  let  stand  a  day  and  filter. 

Mallory’s  Phloxine  and  Methylene  Blue  Stain. — The  prin¬ 
ciple  of  this  staining  method  was  evolved  over  40  years  ago,  e.  g., 
to  stain  the  various  structures  in  a  section  as  deeply  as  possible  with 
eosin  and  then  to  stain  and  differentiate  in  an  alkaline  solution  of 
methylene  blue.  The  method  was  applied  to  paraffin  sections  of 
tissues  fixed  in  Zenker's  fiuid  and  for  many  years  Unna’s  alkaline 
methylene  blue  solution  was  used.  Two  changes  have  been  made 
in  the  course  of  time.  Phloxine  was  substituted  for  eosin  soluble 
in  water  at  the  suggestion  of  Dr.  H.  J.  Conn  and  was  found  to  give 
a  more  brilliant  color.  Secondly,  a  borax  solution  of  methylene 
blue  was  decided  on  as  giving  more  reliable  results  and  to  it  was 
added  later  azure  II.  In  this  way  there  was  obtained  at  once  a 
ripened  solution  that  could  always  be  depended  on. 

Fixation. — Zenker’s  fiuid.  Embed  in  paraffin. 

Staining  Solutions. — 

Phloxine 

Phloxine 

Water,  distilled 

Methylene  Blue 

Methylene  blue 

Borax 

Water,  distilled 

.\zure  II 

Azure  II 

Water,  distilled 


2.5  gm. 
100  cc. 

1  gm. 
1  gm. 
100  cc. 


1  gm. 
100  cc. 
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Method  of  Stohiiiii^.  1  )('i)arafrinizo  in  tlie  usual  way  and  then 
remove  the  mercuric  deposit  with  a  0.5  per  cent  solution  of  iodine  in 
95  |)er  cent  alcohol,  acting  tor  5  to  10  minutes.  Remove  the  iodine 
by  treating  the  sections  with  a  0.5  per  cent  solution  of  sodium 
thiosulfate  ("hypo'')  for  5  minutes.  Wash  thoroughly  in  water. 

1.  Stain  sections  i]i  phloxine  for  1  hour  or  longer  in  the  parafiin 

oven  at  52  to  55  C'. 

2.  .•\llow  the  solution  to  cool  before  pouring  it  olf  and  then  rinse 
carefully  in  water. 

5.  Stain  in  the  methylene  blue  and  azure  II  solution  for  5  to  20 
minutes. 

For  use  take  5  cc.  of  the  methylene  blue  solution,  5  cc.  of  the 
azure  II  solution,  and  add  90  cc.  of  water.  Filter  onto  sections  and 
pour  on  and  off  slides  several  times  to  obtain  an  even  stain.  After 
sections  have  remained  in  the  solution  the  required  time,  place  in 
water  and  decolorize  each  slide  individually. 

4.  Differentiate  in  a  dish  containing  100  cc.  of  95  per  cent  alcohol 
to  which  have  been  added  2  to  5  cc.  of  a  10  per  cent  solution  of 
colophony  (rosin)  dissolved  in  absolute  alcohol.  Keep  the  slide  in 
constant  motion  so  that  decolorization  will  be  uniform.  Control  the 
result  with  the  microscope. 

5.  When  the  pink  color  has  returned  to  the  sections  and  the 
nuclei  are  still  a  deep  blue  dehydrate  with  several  changes  of  absolute 
alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam.  It  is  advisable  to  use  at 
least  two  changes  of  xylol  in  order  to  remove  the  alcohol  completely. 

Results. — Nuclei  and  bacteria  blue;  collagen  and  other  tissue 
elements  bright  rose  color. 

It  is  important  to  get  a  deep  stain  with  phloxine  because  the 
methylene  blue  dissolves  or  washes  it  out  to  a  considerable  extent. 
I'he  phloxine  must  be  used  first  because  methylene  blue  is  readily 
soluble  in  an  aqueous  solution  of  phloxine  and  therefore  is  quickly 
extracted  if  the  phloxine  is  used  after  it,  while  on  the  other  hand 
phloxine  is  but  slightly  soluble  in  an  aqueous  solution  of  methylene 
blue. 

The  success  of  this  staining  method  has  been  found  by  Wolbach 
to  depend  on  the  presence  of  colophony  (rosin)  in  the  alcohol  used 
for  differentiation.  This  is  present  in  alcohol  obtained  from  the 
barrel  where  it  is  used  to  seal  the  seams,  but  not  in  alcohol  obtained 
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from  glass  or  metal  containers.  It  must,  therefore,  be  added. 
Wolbach  has  also  shown  that  sections  fixed  in  formalin  may  be 
stained  by  this  method,  provided  the  amount  of  colophony  in  the 
alcohol  be  increased  to  from  3  to  10  per  cent. 

Fuchsin  (Basic).— Solubility  at  26°  C.:  in  water  0.26  per 
cent;  in  alcohol  5.95  per  cent. 

1.  Saturated  alcoholic  solution  (about  5.95  per  cent)  to  be  kept 
in  stock. 

2.  Ziehl-Neelsen’s  Carbol  Fuchsin. — 

Fuchsin  (basic),  saturated  alcoholic  solution 

(about  5.95  per  cent)  10  cc. 

Carbolic  acid  water,  5  per  cent  90  cc. 

Carbolic  acid  water  is  made  by  shaking  together  5  cc.  of  melted 
carbolic  acid  crystals  and  95  cc.  of  water. 

The  solution  should  be  filtered.  It  is  very  powerful,  stains 
quickly,  keeps  well,  and  can  be  employed  for  a  variety  of  purposes. 
It  is  used  chiefly  for  staining  tubercle  bacilli. 

3.  Verhoeff’s  Carbol  Fuchsin  Solution  (1912). — 

Fuchsin  (basic)  2  gm. 

Alcohol,  absolute  50  cc. 

Carbolic  acid  crystals,  melted  25  cc. 

Combine  the  ingredients  and  place  overnight  in  an  incubator  to 
ensure  complete  solution,  then  cool  and  filter.  This  stock  solution 
of  carbol  fuchsin,  unlike  the  dilute  aqueous  solution  which  slowly 
deteriorates,  is  permanent  and  does  not  even  require  to  be  filtered 
again.  It  can  be  highly  recommended. 

For  staining  coverslip  preparations  add  2  drops  of  this  stock 
solution  to  8  drops  of  distilled  water.  When  larger  quantities  of 
staining  solution  are  required,  the  dilution  is  made  in  the  proportion 
of  1  cc.  of  the  stock  solution  to  6  cc.  of  distilled  water. 

Methyl  Violet.  — Solubility  at  26°  C.:  in  water  2.93  per  cent; 
in  alcohol  15.21  per  cent. 

1.  Aqueous  solutions  of  various  strengths,  0.5  to  2  per  cent,  keep 
well  and  are  used  for  staining  nuclei,  bacteria  and  amyloid. 

2.  Weigert  (1887)  recommends  two  permanent  stock  solutions 
by  means  of  which  the  aniline  methyl  violet  solution  can  be  made 
up  easily  when  wanted. 
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Solution 

A 

.\lcohol,  absolute 

33  CC. 

.\niline 

9  cc. 

Methyl  violet 

in  excess 

Solution 

B 

Methyl  violet,  saturated  acpieous  :■ 

;olution 

rhc  staining  solution  consists  of  Solution  A,  1  part;  and  Solu¬ 
tion  r>,  9  parts.  This  mixture  wilt  keep  at  the  most  for  14  days. 

3.  For  staining  neuroglia  fibers  Weigert  employs  a  saturated 
solution  made  with  the  aid  of  heat  in  80  per  cent  alcohol. 

Crystal  Violet. — Solubility  at  26°  C.;  in  water  1.68  per  cent; 
in  alcohol  13.87  percent. 

Crystal  violet,  because  it  is  a  definite  chemical  compound,  is  now 
substituted  for  both  methyl  violet  and  gentian  violet  in  all  bac¬ 
teriological  and  histological  staining  methods.  In  all  the  formulas 
for  stains  given  under  gentian  violet,  crystal  violet  should  replace 
the  older,  less  reliable  gentian  violet  dye. 

Gentian  Violet. — This  dye  is  not  a  definite  chemical  substance 
but  a  mixture  of  crystal  violet,  methyl  violet  and  dextrin.  It  is 
better  to  discard  it  entirely  and  to  use  crystal  violet  instead  in  the 
staining  solutions  given;  they  are  cited  here  as  originally  given  only 
because  they  are  classical. 

1.  Saturated  alcoholic  solution  to  be  kept  in  stock. 

2.  Erhlich’s  Aniline  Gentian  Violet. 

Gentian  violet  (crystal  violet),  saturated  alco¬ 
holic  solution  (about  1.68  per  cent)  16  cc. 

.\niline  w'ater  84  cc. 

Aniline  water  (aniline  oil  water)  is  made  by  shaking  together 
5  parts  of  aniline  with  95  parts  of  water  and  filtering  the  resulting 
milky  fluid.  It  should  filter  through  perfectly  clear. 

During  the  first  few  hours  after  the  solution  is  made  up  con- 
>id(‘rable  precipitation  takes  place  so  that  it  is  best  not  to  use  it  for 
24  hours,  .\fter  about  10  days  it  begins  to  lose  its  staining  power. 

.v  Zenker  recommends  a  solution  without  alcohol.  Dissolve  the 
gentian  violet  (crystal  violet)  directly  in  the  aniline  water.  The 
color  is  said  to  be  less  easily  removed  from  tissues  when  this  solu¬ 
tion  is  used. 
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4.  Stirling’s  Gentian  Violet  (1890). _ 


Gentian  violet  (crystal  violet) 

Alcohol,  absolute 

Aniline 

Water 


5  gm. 
10  cc. 

2  cc. 
88  cc. 


This  solution  keeps  remarkably  well. 
5.  Carbol  Gentian  Violet.- 


Gentian  violet  (cr3'stal  violet),  saturated  alco¬ 


holic  solution  (about  1.68  per  cent) 
Carbolic  acid  water,  5  per  cent 


10  cc. 
90  cc. 


Safranine  0.  Solubility  at  26°  C.:  in  water  5.45  per  cent 


in  alcohol  3.41  percent. 

Safranine  is  one  of  the  best  of  the  nuclear  staining  aniline  dyes. 
Tissues  may  be  fixed  in  alcohol,  corrosive  sublimate,  Pdemming’s, 
Hermann  s  or  Zenker’s  fluids.  The  two  following  solutions  of  saf¬ 
ranine  can  be  thoroughly  recommended. 

1.  Saturated  aqueous  solution  (about  5.45  per  cent)  of  safranine 
0  (to  be  made  with  the  aid  of  heat). 

2.  Babes’  Aniline  Safranine  (1887).— 

-Aniline  water,  2  per  cent  100  cc. 

Safranine  O  excess 

Saturate  the  solution  by  heating  it  in  a  flask  set  in  hot  water  at 
60°  to  80°  C.  and  when  cool  filter. 

This  solution  is  extremely  powerful,  stains  almost  instantly,  and 
will  keep  about  2  months. 

Pyronine.  Solubility  at  26°  C.:  in  water  8.96  per  cent;  in 
alcohol  0.60  per  cent. 

1.  A  1  per  cent  solution  in  water  is  used  as  a  counterstain  for 
the  Gram  method,  for  which  purpose  it  is  more  reliable  than  fuchsin 
or  safranine  because  it  is  much  less  likely  to  ov^erpower  the  Gram¬ 
positive  organisms  and  render  part  or  all  of  them  negative. 

2.  The  dye  is  used  also  in  combination  with  methyl  green  for 
staining  gonococci  and  plasma  cells. 

Thionin.— Solubility  at  26°  C.:  in  water  0.25  per  cent;  in 
alcohol  0.25  per  cent. 

It  is  generally  used  in  an  aqueous  solution  but  this  does  not  keep 
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well.  \\'t‘  havt'  found  a  0.5  ix'r  cent  solution  in  20  i)er  e(‘nt  alcohol 
very  satisfactory  l)ecause  it  obviates  this  drawback.  'I'he  dye  is 
used  esjrecially  for  staining  frozen  sections  of  unfixed  tissue. 

Toluidine  Blue  0.  Solubility  at  26°  C.;  in  water  5.82  jier 
cent;  in  alcohol  0.57  per  cent. 

'Fliis  is  a  valuable  nuclear  stain  in  a  0.5  to  1  per  cent  aqueous 
solution;  excellent  for  frozen  sections  of  unfixed  tissue  for  which 
purpose  a  0.5  per  cent  solution  in  20  per  cent  alcohol  is  recommended 
because  it  keeps  better. 

Bismarck  Brown. —Solubility  at  26°  C.:  in  water  1.56  per 
cent;  in  alcohol  1.08  per  cent. 

The  most  common  solutions  are  the  following; 

1.  -A  1  per  cent  aqueous  solution. 

2.  saturated  aqueous  solution  made  by  boiling  (5-4  per  cent). 

5.  saturated  solution  in  40  per  cent  alcohol  (2-2.5  per  cent). 

Unlike  other  aniline  colors,  Bismarck  brown  will  keep  in  glycerin 

mounts  and  can  be  fixed  in  nuclei  by  acid  alcohol.  The  stain  is  not 
used  so  much  as  formerly,  except  as  a  contrast  stain  in  Gram’s 
method  and  for  photographic  purposes. 

Other  basic  stains  less  frequently  used,  and  then  generally  in 
aqueous  solutions,  are  dahlia,  methyl  green  and  iodine  green. 

Diffuse  or  contrast  stains  are  useful  to  stain  various  tissue  ele¬ 
ments  left  uncolored  by  the  nuclear  stain.  greater  richness  of 
detail  is  obtained  with  diffuse  stains  if,  after  rather  deep  staining, 
the  sections  are  washed  out  for  some  time  in  alcohol,  because  some 
structures  possess  a  greater  affinity  than  others  for  certain  diffuse 
stains  and  by  holding  them  are  brought  out  sharply. 

(Of  the  diffuse  stains,  eosin,  phloxine,  picric  acid  and  acid  fuchsin 
in  van  Gieson’s  mixture  are  the  ones  most  frequently  employed. 

Eosin  Y  (Water-Soluble  Eosin). — Solubility  at  26°  C.:  in 
water  44.20  per  cent;  in  alcohol  2.18  per  cent. 

Keep  on  hand  a  saturated  aqueous  solution  to  which  a  crystal 
of  thymol  has  been  added  and  dilute  with  water  as  needed.  The 
^trength  of  solution  to  be  used  varies  somewhat  with  the  tissue  and 
the  reagent  in  which  it  has  been  fixed,  but  generally  lies  between 
0.1  and  0.5  per  cent  when  the  eosin  is  used  after  a  hemato.xylin 
>tain.  These  dilute  solutions  should  contain  25  jier  cent  of  alcohol, 
otherwise  they  will  not  keep  well.  When  eosin  is  emploved  before 
an  aniline  dye,  such  as  methylene  blue,  a  2.5  to  5  per  cent  aqueous 
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solution  should  be  used.  Solutions  of  eosin  should  always  be  filtered 
immediately  before  use. 

Phloxine  B. — This  dye  has  been  found  superior  to  eosin  Y  in 
Mallory’s  phloxine-methylene  blue  stain  and  at  least  as  valuable  as 
a  contrast  with  alum  hematoxylin  stains.  It  gives  a  richer,  brighter 
rose-red  color.  The  solutions  and  methods  of  use  are  the  same  as 
for  eosin  Y. 

Congo  Red. — Slightly  soluble  in  cold  water;  easily  soluble  in 
warm  water. 

It  is  used  as  an  indicator  for  the  presence  of  free  acid  in  tissues, 
as  a  counterstain  after  Delafield’s  alum  hematoxylin,  and  as  a  stain 
for  amyloid. 

Picric  Acid. — Solubility  at  26°  C.:  in  water  1.22  per  cent;  in 
alcohol  8.96  per  cent. 

1.  Saturated  alcoholic  (about  8.96  per  cent)  and  aqueous  (about 
1.22  per  cent)  solutions  should  be  kept  in  stock,  to  be  diluted  as 
needed. 

2.  Picric  acid  is  used  for  contrast  with  the  carmine  stains,  more 
rarely  with  alum  hematoxylin.  Striated  muscle  fibers  and  cornified 
epithelium  are  rendered  especially  prominent  by  it.  To  stain  with 
picric  acid  it  is  only  necessary  to  add  a  few  drops  of  a  saturated 
aqueous  solution  (about  1.22  per  cent)  to  a  dish  of  water,  or  of  a 
saturated  alcoholic  solution  (about  8.96  per  cent)  to  a  little  alcohol, 
and  allow  sections  to  remain  in  the  solution  for  a  few  seconds. 

Acid  Fuchsin. — Solubility  not  determined  as  yet. 

1.  Aqueous  solutions  of  various  strengths  are  used.  It  is  ad¬ 
visable  to  keep  on  hand  a  5  per  cent  solution  and  to  dilute  it  to  the 
strength  required.  A  crystal  of  thymol  .should  be  kept  in  the  solu¬ 
tion  to  prevent  the  growth  of  mold. 

2.  Altmann’s  Aniline  Acid  Fuchsin  Solution  (1890). — 

Acid  fuchsin  20  gm. 

Aniline  water,  5  per  cent  100  cc. 

3.  Van  Gieson’s  Picro-Acid  Fuchsin  Solution  (1889). — Van  Gie- 
son’s  stain  is  excellent  as  a  contrast  with  alum  hematoxylin,  especially 
when  it  is  desirable  to  render  prominent  connective  tissue  fibrils  or 
certain  pathological  products.  The  nuclear  stain  with  alum  hem¬ 
atoxylin  must  be  rather  deep  because  the  jiicric  acid  to  some  extent 
extracts  or  overpowers  it. 
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Fixation.  Any  fixatiNi'  may  bo  used. 

Sfainiiii^  Solution.  'I'liis  valuable  solution  was  originally  made 
by  adding  to  a  saturated  a(iueous  solution  of  picric  acid  enough  of 
a  saturated  acjueous  solution  of  acid  fuchsin  to  give  to  the  tluid  a 
deep  garnet  red  color,  and  for  certain  purposes,  as  in  staining  after 
fixation  in  Zenker's  lluid,  this  strong  solution  is  to  be  preferred. 
Freeborn  has  given  more  jirecise  directions  for  making  up  the  solu¬ 
tion  according  to  the  purpose  for  which  it  is  to  be  used. 


For  Connective  Tissue 

Acid  fuchsin,  1  [ler  cent  acjueous  solution  5  cc. 

Picric  acid,  saturated  aqueous  solution  (about 

1.22  per  cent)  100  cc. 

For  the  Nervous  System 

Acid  fuchsin,  1  per  cent  aqueous  solution  15  cc. 

Picric  acid,  saturated  aqueous  solution  (about 

1.22  per  cent )  50  cc. 

Water,  distilled  50  cc. 


Method  oj  Stainijig. —  1.  Stain  deeply  in  alum  hematoxylin  (  p. 
70). 

2.  Wash  in  water. 

3.  Stain  in  van  Gieson's  solution  3  to  5  minutes. 

4.  Wash  quickly  in  water. 

5.  Differentiate  in  95  per  cent  and  dehydrate  in  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  omit  absolute  alcohol  and  clear  in 
terpineol  or  in  oil  of  origanum. 

Results. — Collagen  red;  smooth  and  striated  muscle,  cornified 
epithelium  and  some  forms  of  hyalin  yellow. 

The  Biondi-Heidenhain  Stain  (1892). — Fixation. — Tissues 
must  be  fixed  in  corrosive  sublimate. 

S tainiji"  Solution. — 

Orange  G,  saturated  acjueous  solution  (about 

10.86  per  cent)  50  cc. 

Acid  fuchsin,  saturated  acjueous  solution  (about 

20  per  cent)  10  cc. 

Methyl  green,  saturated  acjueous  solution 
(  about  8  [ler  cent ) 


25  cc. 
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Make  up  the  separate  solutions  and  let  them  stand  for  several 
days  with  excess  of  coloring  matter  (  shaking  the  bottles  occasionally) 
until  they  are  saturated.  Then  mix  the  solutions.  For  staining, 
dilute  the  combined  solution  with  water  1:60  or  1:100. 

d'he  following  tests  are  used  for  finding  out  if  the  proper  com¬ 
bination  has  been  obtained.  The  addition  of  acetic  acid  should 
make  the  solution  redder;  a  drop  of  the  solution  on  filter  paper 
should  make  a  blue  spot  with  green  in  the  center  and  orange  at  the 
periphery.  If  a  red  zone  appears  outside  of  the  orange  then  too 
much  acid  fuchsin  is  present. 

Method  nj  Staining. —  1.  Stain  paraffin  sections  6  to  24  hours 
with  the  dilute  solution. 

2.  Do  not  rinse  in  water  but  decolorize  a  little  in  95  per  cent 
alcohol.  It  is  important  to  place  the  sections  directly  from  the  stain¬ 
ing  tluid  into  the  alcohol  as  water  washes  out  the  methyl  green 
almost  instantly. 

3.  Dehydrate  in  absolute  alcohol. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Chromatin  blue-green;  nucleoli  red;  cytoplasm  and 
connective  tissue  elements  different  shades  of  red;  red  blood  cells 
orange;  mucin  green. 


CHAPTER  VI  I 


METALLIC  STAINS  AND  IMPREGNATIONS 

Experimental  investigation  lias  sliovvn  that  a  few  metals  can 
be  used  for  staining  certain  tissue  elements,  either  because  they  are 
directly  reduced  from  solutions  of  appropriate  salts  or  because  they 
are  taken  up  and  retained  by  these  tissue  elements  which  are 
rendered  prominent  when  the  metallic  salt  is  reduced  later.  The 
most  valuable  metals  for  this  purpose  are  silver,  gold  and  osmium, 
but  especially  the  former  and  the  latter. 

Both  silver  and  gold  may  demonstrate  tissue  elements  by  a 
transparent  stain  or  by  a  fine  precipitation  (so-called  impregna¬ 
tion).  Methylene  blue  is  capable  of  doing  the  same.  Solutions  of 
salts  of  these  metals  were  applied  at  first  to  fresh  tissues.  As  they 
penetrate  but  slightly  they  fi.x  poorly  and  stain  practically  only  sur¬ 
face  elements.  Many  methods  of  using  them  have  been  devised, 
but  the  results  obtainable  are  fickle  and  unreliable.  The  tendency 
nowadays  is  to  use  almost  e.xclusively  staining  methods  applicable 
to  tissues  first  fixed  in  formalin,  and  several  excellent  and  reliable 
methods  have  been  developed  and  are  in  constant  use. 

Silver. — Sil  ver,  usually  in  the  form  of  silver  nitrate,  is  used  to 
stain  a  variety  of  structures:  (1)  the  cement  substance  between 
mesothelial  and  endothelial  cells;  (2)  the  reticulum  of  connective 
tissue;  (3)  the  Tnpouema  pallidum  of  syphilis;  (4)  a  variety  of 
nerve  structures — ganglion  cells  and  their  processes,  axis  cylinders, 
neurofibrils  and  nerve  endings;  and  (5)  neuroglia  cells  and  fibrils. 

Gold.—  (jold  solutions  have  but  a  limited  use  nowadays,  except 
for  toning  silver  stains  and  improving  their  appearance.  Gold  is 
still  of  value,  however,  for  demonstrating  connective  tissue  fibrils, 
astrocytes  and  neurofibrils  and  nerve  endings. 

Osmium.  -I  his  metal  is  used  in  the  form  of  the  tetroxide,  com¬ 
monly  called  osmic  acid.  It  is  a  much  better  fixative  than  any  salt 
of  silver  or  gold  and  is  often  used  for  that  purpo.se  alone,  but  its 
penetrating  power  is  slight.  It  has  the  property  of  staining  fatty 
substances  brown  to  black  and  formerly  was  much  used  for  that  pur- 
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pose.  Scarlet  red  and  a  few  other  dyes,  however,  are  more  reliable 
and  are  tending  to  replace  it  almost  entirely  except  in  the  Marchi 
method  for  degenerated  myelin  sheaths.  Osmic  acid  is  combined 
more  frequently  with  other  substances  in  fixing  solutions  used  for 
the  demonstration  of  mitochondria,  the  Golgi  apparatus  and  ganglion 
cells. 


('HAPTKR  \'lll 

CLEARING  AND  MOUNTING  REAGENTS 

Skctions  of  tissue*  after  beinjj;  stained  liave  to  be  dehydrated, 
and  then  passed  through  a  medium  that  will  mix  both  with  the  de¬ 
hydrating  Iluid  and  with  the  reagent  in  which  the  sections  are  to 
l)c  mounted.  These  intermediary  Iluids  are  called  clearing  reagents 
because  they  have  a  high  index  of  refraction  and  thus  render  the 
sections  more  or  less  transparent  so  that  the  stained  structures  are 
distinctly  \  isible  and  can  be  examined  in  such  Iluids  if  desired.  One 
reagent,  glycerin,  commonly  performs  all  three  functions;  it  de¬ 
hydrates,  clears,  and  serves  as  a  mounting  medium.  Some  of  the 
others  j^erform  tw*o  of  the  three  functions. 

Under  clearing  and  mounting  reagents  substances  for  three 
types  of  sections  have  to  be  considered,  namely,  for  frozen,  celloidin 
and  paraffin  sections,  as  well  as  the  question  whether  the  mount  is 
to  be  iluid  or  solid.  Frozen  sections  which  are  to  be  mounted  in  a 
fluid  ordinarily  require  no  dehydration  beyond  that  furnished  by 
the  fluid  in  wdiich  they  are  mounted.  For  celloidin  sections  a 
varietv  of  clearing  reagents  is  used;  for  paraffin  sections  usually 
only  two — xylol  and  toluol. 

1.  DEHYDRATION  REAGENTS 

For  celloidin  and  paraffin  sections  the  dehydrating  reagent 
generally  u.sed  is  alcohol.  It  is  advisable  to  pass  sections  through  a 
graded  series  of  60,  80  and  95  per  cent  for  celloidin  sections,  fol¬ 
lowed  by  absolute  for  those  that  were  embedded  in  paraffin.  Or¬ 
dinarily,  stained  sections  of  tissues  are  transferred  directly  from 
water  to  95  per  cent  alcohol.  Moving  the  sections  about  in  the 
alcohol  greatly  hastens  the  process  of  dehydration.  Acetone  can  be 
used  instead  of  alcohol  for  paraffin  sections,  but  if  they  are  to  be 
cleared  in  .xylol  they  must  tlirough  a  graded  series  of  mixtures 

of  acetone  and  xylo'  .U  1 ,  1;1,  1:5  and  finally  pure  xylol. 

2.  CLEARING  REAGENTS 

Xylol.  I'or  aniline  .^tains  on  paraffin  sections  llu*  Ix'st  ilcaring 
reagent  is  xylol,  which.  howe\'er.  clear.s  directly  only  from  absolute 
alcohol.  It  can  be  u>ed,  however,  for  celloidin  or  otlu'r  sections  de- 
7  ‘)7 


PATHOl.OC.ICAL  TKCITNlgUE 


OS 

hydrated  in  9S  per  cent  alcohol  by  a  .simple  method  originated  by 
Welch  and  later  brought  into  notice  by  Weigert.  Blot  the  section 
on  the  slide  with  smooth  fine  fdter  paper  and  then  pour  on  a  few 
drops  of  xylol;  repeat  the  blotting  followed  by  xylol  two  or  three 
times,  and  the  section  will  be  found  to  be  perfectly  clear. 

'I'hree  other  reagents  sometimes  used  instead  of  xylol  for  clear¬ 
ing  sections  to  be  mounted  in  balsam  are  toluol,  benzol  and  chloro¬ 
form.  The  last  named  is  especially  useful  for  preparations  stained 
with  osmium  as  it  does  not  cause  the  color  to  fade. 

Terpineol  ( Lilacine  ).--This  clearing  reagent  was  introduced 
by  P.  Mayer  in  1910  and  is  highly  recommended  by  Romeis.  It  is 
colorless,  has  an  agreeable  odor,  and  clears  from  90  per  cent  alcohol 
( from  80  per  cent  if  necessary).  It  does  not  dissolve  celloidin  and 
is  much  cheaper  than  oil  of  origanum.  Even  delicate  stains  are  as  a 
rule  not  injured  by  this  reagent,  but  it  is  said  to  cause  fading  of 
silver  stains. 

Oleum  Origani  Cretici. — This  will  be  referred  to  as  oil  of 
origanum  in  directions  given  for  its  use.  It  is  colorless  to  light 
brown,  but  grows  darker  on  exposure  to  light  and  air.  It  is  generally 
used  for  celloidin  sections  and  clears  readily  from  95  per  cent  alcohol 
without  dissolving  the  celloidin.  Aniline  colors  are  affected  slowly, 
laifortunately  it  is  expensive.  Ordinary  oil  of  origanum  is  impure 
oil  of  thyme  and  should  not  be  used. 

Weigert’s  Carbol-Xylol. — This  mixture  is  recommended  espe¬ 
cially  for  clearing  thick  celloidin  sections  of  the  central  nervous 
system  after  carmine  and  hematoxylin  stains.  It  is  made  up  as 
follows: 

Carbolic  acid  crystals  1  part 

Xylol  3  parts 

Rinse  in  xylol  before  mounting  in  balsam. 

Weigert’s  Aniline-Xylol  (  1891). — This  mixture  is  often  used 
nowadays  instead  of  carbol-xylol. 

.‘\niline  2  parts 

Xylol  1  part 

Rinse  in  xylol  before  mounting  in  balsam. 

Oil  of  Cedarwood.  This  reagent  has  a  pale  straw  color.  It 
clears  from  95  per  cent  alcohol  but,  unfortunately,  clears  celloidin 
sections  very  slowly.  It  does  not  affect  aniline  colors. 
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Aniline  (Aniline  Oil). — This  is  colorless  when  iierfectly  pure 
and  fresh,  but  soon  oxidizes  and  turns  brown.  It  does  not  dissolve 
celloidin  and  clears  readily  from  70  jier  cent  alcohol.  It  will  clear 
from  water  by  Weigert’s  filter  j^aper  blotting  method.  Aniline  colors 
are  extracted  slowly.  Rinse  sections  with  xylol  before  mounting  in 
balsam. 

3.  MOUNTING  REAGENTS 
O)  Fluid  Mounts 

Several  reagents  are  available,  of  which  the  most  important  is 
glycerin.  Two  others,  less  often  used,  are  potassium  acetate  (a 
saturated  aqueous  solution,  about  253  per  cent)  and  levulose  (30 
gm.  of  le\ulose  are  dissolved  in  20  cc.  of  water  by  heating  to  37°  C. 
for  24  hours). 

The  disadvantage  of  fluid  mounts  is  that  they  have  to  be  ringed 
or  sealed  in  by  some  solid  medium  so  as  to  fix  the  coverslip  in  posi¬ 
tion  and  keep  it  from  being  displaced.  Two  methods  of  doing  this 
are  given  below. 

Du  Noyer’s  Lanolin-Colophony  Mixture  (1918). — This  is 
highly  recommended  for  sealing  fluid  mounts  and  is  prepared  in  the 
following  manner: 

Heat  gently  20  parts  of  water-free  lanolin  in  a  porcelain  evapo¬ 
rating  dish  for  15  to  30  minutes  to  drive  off  any  trace  of  moisture. 
Then  add  80  parts  of  crushed  colophony  ( rosin )  and  beat  the 
mixture  until  it  becomes  homogeneous,  clear,  and  yellowish  brown 
in  color.  (Caution:  The  mixture  is  inflammable!  )  For  preserva¬ 
tion  pour  the  mixture  into  small  paper  boxes  and  let  it  harden. 

For  sealing  mounts  heat  the  lanolin-colophony  mixture  and  take 
a  glass  rod  or  old  scalpel  and  pick  up  some  of  the  melted  mass. 
With  it  fasten  first  the  corners  and  then  seal  along  the  edges  of  the 
coverslip. 

Duco  Cement. — This  cement  has  been  found  useful  for  sealing 
glycerin  mounts.  It  comes  in  collapsible  tubes,  is  colorless,  and  re¬ 
quires  no  preparation  beyond  squeezing  into  a  small  bottle  so  that 
it  can  be  diluted  with  an  equal  volume  of  acetone.  Use  as  follows: 

Transfer  the  stained  section  from  water  to  glycerin  in  a  dish. 
.\fter  the  section  is  cleared  change  to  a  fresh  dish  of  glycerin.  With 
a  section  lifter  transfer  the  section  to  a  slide,  drain  and  wijie  away 
excess  of  glycerin.  Do  not  blot  as  bubbles  of  air  are  almost  sure 
to  be  caught  in  the  mount.  Drop  on  a  coverslip  and  press  gently 
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to  force  out  the  excess  of  glycerin.  Weight  with  a  lead  slug  to  tlatten 
the  section.  Remove  any  excess  of  glycerin  with  a  towel  or  with 
filter  paper.  Clean  the  corners  with  water  and  wipe  dry.  Put  a 
drop  or  two  of  diluted  Duco  cement  on  the  corners.  In  a  few 
minutes  they  will  be  stuck  tight.  The  edges  of  the  coverslip  can 
then  be  cleaned  and  sealed  in  with  the  cement  in  the  same  way. 
The  whole  process  occupies  less  than  10  minutes  and  the  mounts 
are  as  secure  as  though  put  up  in  balsam,  provided  all  the  glycerin 
has  been  removed  from  the  surface  of  the  glass.  They  can  be 
handled  and  cleaned  as  readily  as  balsam  mounts  because  Duco 
cement  is  insoluble  in  water,  alcohol,  xylol  or  oil  of  cedarwood,  the 
only  reagents  with  which  it  is  likely  to  come  in  contact. 

Glycerin  yields  solid  mounts  by  combining  it  with  gelatin.  The 
preparations  are  practically  permanent  because  of  the  solidity  of 
the  mounting  medium.  This  medium  is  very  useful  for  the  preser¬ 
vation  of  scarlet  red  stains  for  fat  in  frozen  sections  of  formalin- 
fixed  tissues. 

Kaiser’s  Glycerin  Jelly  ( 1880). — This  is  made  up  as  follows; 


Gelatin  40  gm. 

Water,  distilled  210  cc. 

Glycerin  250  cc. 

Carbolic  acid  crystals  5  gm. 


Soak  the  gelatin  in  the  water  for  2  hours.  Add  the  glycerin  and 
the  carbolic  acid  and  heat  gently  for  10  to  15  minutes,  stirring  all 
the  while  until  the  mixture  is  smooth.  Keep  in  the  ice-box  and 
melt  when  needed.  The  carbolic  acid  has  unfortunately  a  some¬ 
what  deleterious  action  on  alum  hematoxylin  stains. 

(2)  Solid  Mounts 

Several  reagents  are  available.  With  one  exception  ( oil  of 
cedarwood )  they  have  to  be  dissolved  in  a  fiiiid  medium  which  later 
evaporates.  The  sections  are  ordinarily  dehydrated  in  alcohol  and 
then  cleared  in  lluids  that  will  remove  the  alcohol  and  mix  with  the 
mounting  medium. 

Canada  Balsam.  'I'his  reagent  is  the  one  most  generally  used 
for  solid  mounts.  It  is  a  yellowish,  transparent,  viscid,  acid  liquid 
and  should  not  be  used  in  this  form.  It  must  be  heated  and  stirred 
with  an  admixture  of  calcium  carbonate  until  a  drop  of  it  on  a 
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>li(lc  will  solidily  on  codliic^. 
neutral.  It  is  sinipKa-  to  buy 
(lissoUe  it  as  needed  in  luaitral 
si^U'iK'c'.  In  this  condition  it  is 


'I'his  i)roeedure  renders  th(‘  balsam 
this  form  already  i)re|)ared  and  to 
xylol  to  a  rather  thick  syrupy  con- 
often  s|)okeu  of  as  xylol  or  neutral 


balsam,  or  simply  as  balsam. 

C'anada  balsam  has  such  a  high  index  of  refraction  that  tissues 
mounted  in  it  become  very  transparent,  and  only  those  jxirts  are 
visible  that  are  stained.  Other  solvents  of  Canada  balsam,  such  as 
chloroform  and  benzol,  may  be  used  but  cannot  be  recommended 
for  sections  stained  with  aniline  dyes.  For  tissues  stained  with 
osmic  acid,  however,  chloroform  balsam,  prejxired  in  the  same  way 
as  xylol  balsam,  should  always  be  used,  otherwise  the  osmic  acid 
stain  will  fade  rapidly. 

Oil  of  Cedarwood. — This  is  recommended  as  the  best  mount¬ 
ing  reagent  after  Giemsa’s  stains.  The  thick  evaporated  form  pre¬ 
pared  for  use  with  oil  immersion  lenses  should  be  employed.  It 
evaporates  slowly  to  hardness. 

Dammar. — This  resin  is  sometimes  used  for  mounting  purposes 
but  cannot  be  recommended  because  of  its  marked  tendency  to 
crystallize,  in  consequence  of  which  specimens  mounted  in  it  are 
often  ruined. 

Colophony  (Rosin). — This  is  an  oleoresin  obtained  from  differ¬ 
ent  varieties  of  pine  and  like  balsam  is  dissolved  in  xylol.  It  is  not 
ordinarily  used  nowadays  for  mounting  purposes.  It  consists 
chiefly  (80-90  per  cent)  of  abietic  acid,  or  its  anhydride,  and  also 
of  pinic  and  sylvic  acids. 

Terpineol  Balsam. — Terpineol  dissolves  neutral  Canada  balsam 
readily  when  placed  in  a  paraffin  oven.  As  it  evaporates  slowly, 
several  days  are  required  to  harden  the  balsam.  It  is  especially 
recommended  for  mounting  sections  stained  with  lead  chloride  hem¬ 
atoxylin  after  clearing  in  terpineol.  Other  clearing  and  mounting 
reagents,  especially  xylol,  fade  the  color  quickly. 
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MICRO-INCINERATION 

This  is  a  method  designed  to  reveal  the  mineral  salts  in  sections 
of  tissues.  It  was  first  successfully  developed  by  Policard  and  his 
co-workers  and  later  improved  by  Scott  (  1932  ),  whose  technique  is 
given  here. 

1.  Fix  thin  pieces  of  tissue  for  12  to  24  hours  in  a  mixture  of  9 
parts  of  absolute  alcohol  to  1  part  of  neutral  formalin. 

2.  Complete  dehydration  in  several  changes  of  absolute  alcohol 
followed  by  xylol. 

3.  Embed  in  paraffin. 

4.  Cut  sections  3  to  5  /x  thick. 

5.  Avoid  contact  with  water.  Flatten  sections  out  on  slide  by 
means  of  a  drop  of  absolute  alcohol  or  of  liquid  petrolatum.  Allow 
the  sections  mounted  with  alcohol  to  dry  in  the  incubator  at  37°  C. 
for  1  to  12  hours.  Drain  those  mounted  with  liquid  petrolatum. 
Use  every  other  section  for  incineration.  The  remaining  sections 
are  to  be  mounted  in  the  usual  way  with  Mayer’s  albumin-glycerin 
mixture  and  later  stained  by  any  of  the  usual  histological  methods. 
They  are  valuable  as  controls. 

6.  Place  slides  on  quartz  slides  of  equal  size  and  insert  them 
into  the  special  quartz  tube  oven.  Take  care  that  the  slide  does  not 
touch  the  walls  of  the  quartz  tube.  Incinerate  for  35  minutes. 
Raise  the  temperature  gradually,  using  the  first  10  minutes  to  reach 
a  temperature  of  100°  C.  and  the  other  25  minutes  to  attain  a  final 
temperature  of  about  650°  C.  Be  sure  that  the  oven  is  red  hot 
during  the  last  step,  otherwise  leave  the  slides  in  longer.  The  time 
must  be  varied,  depending  on  the  nature  of  the  tissue.  Some  tissues 
ash  readily,  others  only  with  the  greatest  difficulty.  Special  attention 
must  be  paid  to  the  rise  of  temperature  to  100°  C.  as  most  of  the 
shrinkage  occurs  between  60°  and  70°  C.  and  this  range  should  be 
passed  through  slowly. 

7.  Remove  the  slides  and  quartz  slides  from  the  incinerator  with 
forceps,  which  should  be  heated  first  as  otherwise  the  slides  will 
crack.  Remove  the  glass  slides  cpiickly  from  the  quartz  slides  and 


102 


place'  on  an  asbestos  plate,  ('over  the  dry  incinerated  section  with 
a  thin  coversliji  by  droppinp:  it  down  at  the  site  of  the  section.  Let 
the  slide  cool  and  then  seal  the  coverslip  around  the  edge  with  seal¬ 
ing  wax,  paratTin  or  IHico  cement,  d'he  coversliii  .serves  as  a 
mechanical  protection  and  permits  the  use  of  an  oil  immersion  lens. 
It  also  prevents  excessive  absorjition  of  moisture  and  efflorescence 
of  the  ash. 

'I'he  ash  left  on  the  slide  may  be  examined  under  low  power  by 
oblique  illumination  from  a  parabolic  mirror  at  an  angle  of  ap¬ 
proximately  aO  .  For  oil  immersion  study  the  cardioid  condenser 
of  Zeiss  is  recommended.  The  residue  is  essentially  a  mineral 
skeleton  of  the  cells  free  from  organic  materials. 

The  amount  and  distribution  of  the  minerals  in  the  cells  and 
tissues  are  easily  seen,  but  recognition  and  identification  of  the 
various  substances  present  in  the  ash,  aside  from  silica,  iron  and 
calcium,  are  extremely  difficult  at  the  present  time. 


CHAPTER  X 


INJECTIONS 

The  injection  of  fluid  substances,  often  called  masses,  into 
blood  and  lymph  vessels  is  a  procedure  not  much  used  in  pathology. 
The  process  is  an  art  that  requires  much  patience  and  considerable 
experience.  The  purpose  of  an  injection  is  to  render  vessels  and 
vessel  walls  more  prominent  and  visible  than  under  ordinary  con¬ 
ditions.  Fluid  mixtures  that  are  usually  colored  and  that  may  be 
solidified  later  are  used. 

Most  injection  fluids  contain  gelatin  and  on  this  account  must 
as  a  rule  be  used  warm.  The  best  coloring  materials  are  carmine 
and  Berlin  blue. 

The  instruments  required  are  glass  cannulas  of  various  sizes  and 
a  syringe,  or  better  still,  a  constant  pressure  apparatus. 

When  a  warm  injection  fluid  is  used  the  bottle  containing  it  must 
be  placed  in  a  water  bath  and  kept  at  a  temperature  of  about  45°  C. 
The  organ  or  animal  to  be  injected  must  likewise  be  placed  in  a 
water  bath  of  the  same  temperature. 

It  is  very  important  that  in  connecting  the  end  of  the  tube  carry¬ 
ing  the  injection  fluid  with  the  cannula  inserted  in  the  vessel  no  air 
bubbles  shall  enter.  When  blood  vessels  are  to  be  injected  it  is 
advisable  to  wash  them  out  first  with  normal  salt  solution. 

1.  COLD  INJECTION  FLUIDS 

Two  are  given  here;  milk  is  the  simpler,  the  other  contains 
gelatin. 

Milk. — Fischer  (1902)  has  obtained  good  results  by  washing 
out  the  vessels  in  the  usual  way  with  physiological  salt  solution  or, 
better  still,  with  a  fibrin-dissolving  fluid  such  as  a  freshly  filtered 
8  per  cent  aqueous  solution  of  sodium  nitrate  or  sulfate  and  then 
injecting  fresh  milk. 

Fix  the  tissues  after  injection  for  at  least  24  hours  in  a  1  per 
cent  solution  of  formalin  plus  1.5  per  cent  acetic  acid.  The  acid  is 
needed  to  coagulate  the  milk.  Preserve  in  neutral  10  per  cent 
formalin. 

(ait  frozen  sections  and  stain  with  scarlet  red  (  p.  1 1  7  t.  ('ounter- 
staln  in  alum  hematoxylin  (j).  70).  Mount  in  glycerin  or  glycerin 
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it'lly.  'I'lu'  fat  can  aNo  he  stained  with  osmium  tetroxide.  d  he 
capillaries  are  outlined  by  the  fat  emulsion  stained  red  or  black. 

Tandler’s  Fluid  Gelatin  (  1^)01  ).  Dissolve  .S  ^m.  of  gelatin  in 
100  cc.  of  distilled  water  with  lh(‘  aid  of  f^entle  heat.  Add  enouj^h 
of  a  saturated  water-soluble  Ikulin  blue  solution  to  coloi  it  lif^ht  or 
dark  as  desired.  'I'lien  while  constantly  stirring  the  solution  add 
.S  um.  of  potassium  iodide.  It  keeps  the  gelatin  from  solidifying 
down  to  17  C'.  After  the  injection  fix  tissue  in  5  i)er  cent  formalin, 

which  prevents  solution  or  decolori/ation  of  the  gelatin  while  the 
sections  are  being  stained  as  desired. 

2.  WARM  INJECTION  FLUIDS 

Carmine  Gelatin. — This  is  by  all  means  the  best  injection 
material  to  use  because  the  color  is  permanent,  but  it  is  very  diffi¬ 
cult  to  prepare  properly  (Hoyer,  1910). 

Dissolve  1  gm.  of  carmine  in  1  to  2  cc.  ammonia  water  and  6  to 
8  cc.  distilled  water  and  heat  in  a  flask  on  a  sand  bath  until  the 
excess  ammonia  has  been  volatilized.  Cool  and  filter. 

.\llow  50  gm.  of  sheet  gelatin  to  swell  in  distilled  water  for  24 
hours.  Press  out  excess  water  by  hand  and  dissolve  the  gelatin  by 
heating  on  a  water  bath  at  a  temperature  not  exceeding  60°  C. 

.Add  enough  of  the  filtered  carmine  solution  with  continual 
stirring  to  the  gelatin  solution  to  obtain  an  intense  red  color. 

Xext,  add  5  to  10  per  cent  by  volume  of  glycerin  and  2  to  3  per 
cent  by  weight  of  chloral  hydrate.  Filter  through  flannel  in  a  hot 
water  funnel.  If  the  carmine  is  precipitated,  the  material  must  be 
discarded  and  a  new  lot  prepared. 

.After  injection  the  organ  or  animal  is  placed  first  in  cold  water 
for  from  1  to  2  hours  to  hasten  the  solidification  of  the  gelatin  and 
then  is  transferred  to  80  per  cent  alcohol  or  to  10  per  cent  formalin. 

Berlin  Blue  Gelatin. — Two  solutions  are  needed,  a  saturated 
aqueous  solution  of  water-soluble  Berlin  blue  and  a  solution  of 
gelatin  prepared  as  directed  for  the  carmine  gelatin.  Warm  both 
solutions  in  a  water  bath  to  a  temperature  of  60  C.,  and  then  add 
gradually  the  Berlin  blue  solution  to  the  gelatin,  stirring  continually. 
When  the  mass  is  thoroughly  mixed  add  5  to  10  per  cent  by  volume 
of  glycerin  and  at  least  2  per  cent  by  weight  of  chloral  hydrate. 
Filter  through  flannel  in  a  hot  water  funnel. 

k’ix  tissue  after  injection  in  80  per  cent  alcohol  or  10  per  cent 
formalin.  Fi.xatives  containing  chrome  salts  may  also  be  used. 


PART  II.  SPKdAL  HIsrOLOCIlCWL  MKTPIODS 


C'HAPTKR  XI 

THE  CELL  ITS  COMPONENT  PARTS,  CONSTITUENTS  AND 

PRODUCTS 

Cells  in  general  liavc  a  certain  structure  and  pass  through  cer¬ 
tain  changes  in  orrler  to  divide.  Every  cell  at  least  at  some  stage 
of  its  development  is  composed  of  a  nucleus  surrounded  by  cyto- 
lilasm.  Some  cells  develop  sjiecial  structures  within  their  cytoplasm, 
others  outside  of  it,  to  perform  some  special  function.  Various 
methods  have  been  devised  in  order  to  demonstrate  clearly,  as  far  as 
jiossible,  every  variation  in  structure  and  function.  In  disease,  cells 
undergo  retrograde  changes  that  require  special  staining  methods 
for  their  demonstration.  It  is  the  function  of  this  part  of  the  book 
to  set  forth  both  the  general  and  the  special  methods  that  will  best 
accomplish  these  objects. 

1.  THE  NUCLEUS 
(1)  General  Methods 

For  both  general  and  special  histological  work  no  stain  is  more 
useful  or  can  be  more  highly  recommended  than  the  phloxine-  (or 
eosin-)  methylene  blue  stain  after  fixation  in  Zenker’s  Iluid.  It 
brings  out  nuclei  and  nuclear  figures  with  great  sharpness,  and  at 
the  same  time  stains  the  cytoplasm  of  certain  cells  so  that  they  are 
well  defined. 

Xext  in  point  of  general  usefulness  is  the  phosphotungstic  acid 
hematoxylin  stain,  owing  to  the  sharpness  with  which  it  stains 
nuclei,  centrioles,  and  especially  nuclear  hgures,  including  the 
spindle.  It  also  demonstrates  certain  fibrils  that  other  methods 
fail  to  show. 

For  routine  laboratory  work,  namely  autopsy  and  surgical 
material,  when  a  diagnosis  is  wanted  quickly  alum  hematoxylin 
followed  by  phloxine  or  eosin,  or  by  van  (lieson’s  picro-acid  fuchsin 
stain  for  contrast,  is  still  considered  the  best  general  stain  for  cel- 
loidin  and  jiaraffin  sections  after  a  variety  of  fixatives,  including 
Zenker’s  fluid. 
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Of  the  cannine  stains,  lithium  carmine,  followed  by  picric  acid, 
will  be  found  the  most  brilliant,  generally  useful,  and  permanent, 
but  it  is  practically  useless  after  fixation  in  Zenker’s  fiuid. 

Saf ranine  gives,  perhaps,  the  most  permanent  stain  of  any  of 
the  basic  aniline  dyes,  and  confines  itself  exclusively  to  the  nuclei. 
It  is  used  after  certain  fixing  reagents  such  as  Flemniing’s  and 
Hermann's  solutions.  The  Heidenhain-Biondi  triple  stain  is  useful 
after  fixation  in  corrosive  sublimate,  but  cannot  be  used  for  cel- 
loidin  sections,  so  that  its  field  is  limited.  Other  aniline  dyes  are 
used  on  occasion,  or  for  some  definite  purpose,  but  not  so  generally 
as  those  mentioned  above.  For  special  study  of  nuclei  in  their 
various  phases  and  of  certain  other  structures  Heidenhain’s  iron 
hematoxylin  deservedly  holds  a  very  high  place. 

(2)  Mitosis 

For  the  study  of  mitosis  it  is  important  that  the  tissue  be  per¬ 
fectly  fresh  and  that  it  be  fixed  in  a  suitable  reagent  as  quickly  as 
possible.  The  best  results  cannot  be  obtained  with  tissues  placed 
in  a  fixing  fluid  more  than  half  an  hour  after  removal.  On  the 
other  hand,  mitotic  figures  can  be  demonstrated  in  tissues  for  some 
time  after  death  (24  hours  or  longer),  especially  if  kept  at  a  low 
temperature,  before  being  put  into  a  fixing  reagent.  However,  the 
details  of  such  figures  are  not  so  perfect  as  those  in  absolutely  fresh 
tissues  and  the  figures  are  not  so  numerous  because  some  of  them 
have  completed  their  changes  and  can  no  longer  be  recognized.  It 
is  evident,  therefore,  that  mitosis  can  be  studied  much  better  in 
tissues  from  animals,  or  in  tissues  obtained  by  operation  from  the 
human,  than  in  organs  and  tissues  removed  postmortem. 

The  choice  of  fixing  reagents  for  the  study  of  mitotic  figures  is 
important.  They  can  often  be  demonstrated  after  fixation  in  al¬ 
cohol,  or  even  in  Muller’s  fluid,  but  for  careful  study  quicker  and 
more  perfect  fixing  reagents  must  be  used.  The  most  important 
fixing  reagents  are  Zenker’s,  Flemming’s,  Hermann’s  and  Orth’s 
fluids,  and  corrosive  sublimate.  Nearly  all  the  reagents  employed 
penetrate  slowly,  so  that  it  is  absolutely  necessary  for  the  best  re¬ 
sults  that  tissues  to  be  fixed  be  cut  into  very  thin  slices,  rarely  over 
4  mm.  in  thickness  and  preferably  not  over  2  mm.  Flemming’s 
and  Hermann’s  solutions  penetrate  with  great  difficulty,  so  that 
tissues  placed  in  them  should  be  especially  thin.  The  amount  of 
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fixiiitj:  rt'a^eiU  us('(l  should  always  hi'  at  least  10  to  20  tinu's  f'reatca" 
than  the  volume  of  the  tissue  and  should  he  ehanj^ed  if  it  heeomes 
iloudy. 

'I'he  most  generally  us('ful  stain  for  the  study  of  mitosis  is  prob¬ 
ably  safranine.  d'he  time  of  staining  varies  with  the  solution  used. 
Babes'  is  the  (|uickest.  The  mitotic  figures  should  be  stained 
deeply:  then,  when  treated  with  alcohol  slightly  acidulated  with 
hydrochloric  acid,  they  will  retain  the  color  while  the  resting  nuclei 
will  become  very  pale  or  even  decolorized.  In  consequence  of  this 
intense  stain  mitotic  figures  can  then  be  very  readily  found.  Fixa¬ 
tion  in  Zenker's  tluid  and  staining  in  i)hosphotungstic  acid  hem- 
ato.xylin  can  be  highly  recommended.  Centrioles  and  spindles  are 
brought  out  with  great  distinctness.  Heidenhain’s  iron  stain  is 
useful  for  bringing  out  the  details  of  the  centriole  and  spindle. 
Other  useful  aniline  stains  are  carbol  fuchsin  and  aniline  crystal 
violet,  used  in  the  same  way  as  safranine.  After  fixation  in  corro¬ 
sive  sublimate  mitotic  figures  can  also  be  demonstrated  by  the 
Biondi-Heidenhain  solution  which  stains  resting  nuclei  blue-violet 
and  mitotic  figures  green. 

Safranine  Stain  for  Mitotic  Figures. — Fixation. — Flemming’s 
or  Hermann’s  solution.  Embed  in  paraffin  or  celloidin. 

Method  oj  Staining. — 1.  Stain  sections  5  minutes  to  24  hours  in 
one  of  the  safranine  solutions  (p.  90).  Babes’  solution  stains  most 
rapidly,  the  others  require  24  hours. 

2.  Rinse  in  tap  water. 

3.  Differentiate  in  95  per  cent  alcohol  to  which  a  few  drops  of 
acid  alcohol  have  been  added. 

4.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

5.  Clear  in  xylol  and  mount  in  balsam. 

For  celloidin  sections  dehydrate  in  95  per  cent  alcohol,  blot  and 
pour  on  xylol;  repeat  the  last  two  steps  until  the  specimen  is  clear. 

Residts. — Mitotic  figures  intense  red;  resting  nuclei  light  red  or 
colorless. 

2.  CELLULAR  ELEMENTS  OTHER  THAN  NUCLEI 

Aside  from  the  structures  intimately  connected  with  the  nucleus 
(centriole,  spindle)  the  cytoplasm  of  the  different  cells  in  the  body 
contains  a  variety  of  structures  formerly  called  cytoplasmic  granules, 
but  now  recognized  and  classified  under  separate  headings  accord¬ 
ing  to  their  morphology  and  staining  reactions.  They  will  bt‘  con- 
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sidered  scparalely,  most  of  them  in  the  followini^  pages,  a  few  under 
bone  marrow  and  blood. 


(1)  Mitochondria  (Plastosomes) 


Mitochondria  is  a  term  applied  to  certain  bodies  that  occur  in 
the  cytoplasm  of  many  cells  and  that  have  received  various  names. 
They  may  be  round  or  oval,  rod-shaped,  or  in  the  form  of  filaments. 
They  disappear  quickly  after  death  and  are  destroyed  by  fixing 
solutions  containing  acetic  acid,  such  as  Zenker’s  fiuid  for  example, 
if  the  acid  content  is  too  high.  Special  fixatives  and  staining 
methods  are  required  for  their  demonstration.  They  may  be  seen 
and  studied  in  the  living  cell.  Janus  green  B  and  several  other 
dyes  stain  them  specifically  supravitally.  In  order  to  demonstrate 
them  in  permanent  mounts  tissues  must  be  obtained  as  fresh  as  pos¬ 
sible,  cut  into  thin  slices  not  over  2  to  3  mm.  thick  and  fixed  as 
recommended  below. 

Mitochondria  are  acquiring  increasing  importance  in  pathological 
histology  and  should  be  studied  carefully.  The  methods  that  seem 
to  be  the  simplest  and  most  reliable  for  their  demonstration  are  the 
following: 

Regaud’s  Method  for  Mitochondria  (1910). — Fixation. — 

1.  Fix  for  4  days  in  the  following  mixture,  freshly  prepared,  and 
change  to  a  fresh  solution  each  day: 

Potassium  bichromate,  3  per  cent  aqueous 


80  cc. 
20  cc. 


solution 

Formalin 


2.  Mordant  for  8  days  longer  in  3  per  cent  aqueous  potassium 
bichromate,  changing  the  fluid  every  other  day. 

3.  Wash  in  running  water  for  24  hours. 

4.  Dehydrate  and  embed  in  paraffin  in  the  usual  manner. 
Staining  Solution. —  Dissolve  1  gm.  of  hematoxylin  in  10  cc.  of 

absolute  alcohol,  and  then  add  10  cc.  of  glycerin  and  80  cc.  of 
distilled  water.  The  solution  requires  several  weeks  for  ripening. 

Method  oj  Staining. — 1.  Mordant  section,  not  over  2  to  5  m 
thick,  for  8  to  10  days  at  room  temperature  (or  1-4  days  at  35°  C.) 
in  a  5  to  15  per  cent  aqueous  solution  of  ammonio-ferric  alum. 

2.  Wash  for  a  few  minutes  in  water. 

3.  Stain  for  24  hours  with  the  hematoxylin  solution  given  above. 
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4.  ! )ilTcrontiato  in  a  5  jx'r  c('nt  acjiicmis  solution  of  amnionio- 
fonic  alum,  controlling  the  result  with  the  microscope. 

5.  Wash  in  laji  water  for  aO  minutes. 

(i.  Dehydrate  in  9.S  per  cent  followed  by  absolute  alcohol. 

7.  (dear  in  xylol  and  mount  in  balsam. 

/\c,v/^//,v. Mitchondria  stand  out  sharply  stained  black. 

The  Altmann-Kull  Method  for  Mitochondria  ( 1913  ).  -Fixa¬ 
tion-  V'w  in  Altmann's  tluid  (equal  parts  of  2  per  cent  osmic  acid, 
and  5  per  cent  aqueous  potassium  bichromate)  for  24  hours.  Wash 
in  running  water  24  hours,  preserve  in  80  per  cent  alcohol,  and  em¬ 
bed  in  paraffin  as  usual. 

Staini)!^  Solution. — Dissolve  20  gm.  of  acid  fuchsin  in  100  cc. 
of  aniline  water  (5-10  cc.  of  aniline  thoroughly  shaken  up  in  100 
cc.  of  distilled  water  and  then  filtered). 

Method  of  Stainin!^. —  1.  Pour  the  stain  on  the  sections  and  heat 
gently  over  a  flame  until  it  steams. 

2.  Cool  and  wash  off  the  stain  with  distilled  water. 

3.  Counterstain  in  a  0.5  per  cent  aqueous  solution  of  toluidine 
blue  for  1  to  2  minutes. 

4.  Wash  in  distilled  water. 

5.  Differentiate  in  a  0.5  per  cent  solution  of  aurantia  in  70  per 
cent  alcohol  for  20  to  40  seconds,  controlling  the  result  with  the 
microscope. 

6.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Mitochondria  intensely  bluish  red:  chromatin  blue; 
cytoplasm  yellowish  brown;  albuminous  granules  bluish  red. 

Phosphotungstic  Acid  Hematoxylin  Stain  for  Mitochon¬ 
dria. — Phosphotungstic  acid  hematoxylin  has  been  used  by  several 
w’orkers  to  demonstrate  mitochondria  after  fixation  in  Regaud’s  or 
Helly's  fluids.  It  stains  them  to  some  extent  even  after  fixation  in 
formalin  and  in  alcohol.  I  have  obtained  much  better  results  by 
the  following  simple  method. 

Fixation. —  1.  Fix  in  neutral  10  per  cent  formalin  for  24  hours 
or  longer. 

2.  Mordant  in  a  5  [)er  cent  aqueous  solution  of  iron  chloride 
( feme)  at  room  temperature  for  2  to  5  days,  changing  the  solution 
2  or  3  times. 

3.  Wash  off  in  tap  water  and  transfer  to  80  [ler  cent  alcohol  for 
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24  to  48  hours,  changing  the  solution  2  to  3  times  as  it  becomes 
yellow. 

4.  Embed  in  paraffin  and  cut  sections  in  the  usual  way. 

Method  oj  Staining. —  1.  Treat  sections  with  a  0.25  per  cent 
aqueous  solution  of  potassium  permanganate  for  5  to  10  minutes. 

2.  Wash  in  water  and  place  in  a  5  per  cent  aqueous  solution  of 
oxalic  acid  for  3  to  5  minutes. 

3.  Wash  thoroughly  in  tap  water. 

4.  Stain  in  phosphotungstic  acid  hematoxylin  (p.  76)  for  24 
to  48  hours. 

5.  Wash  quickly  in  tap  water. 

6.  Differentiate  and  dehydrate  in  95  per  cent  followed  by  abso¬ 
lute  alcohol. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Nuclei  and  mitochondria  deep  blue;  collagen  and  elas¬ 
tic  fibrils  reddish;  myoglia  and  other  fibrils  blue. 

(2)  Golgi  Apparatus 

Although  the  Golgi  apparatus  has  not  been  shown  as  yet  to  have 
any  particular  significance  pathologically,  it  is  important  to  be  able 
to  demonstrate  it  histologically.  The  methods  so  far  devised  are 
frequently  fickle  and  unreliable,  but  excellent  results  can  be  ob¬ 
tained  with  them  sometimes.  The  three  best  methods  available  at 
present  are  given  below. 

Da  Fano’s  Cobalt  Nitrate  Method  for  the  Golgi  Apparatus 

(1920). — Fixafion. — Fix  pieces  of  tissue  3  mm.  in  thickness  for  6 
to  8  hours  at  room  temperature  in  the  following  cobalt  nitrate 
solution; 

Cobalt  nitrate  1  giu- 

Water,  distilled  100  cc. 

Formalin  1-5  cc. 

This  solution  keeps  indefinitely.  The  formalin  need  not  be  neu¬ 
tralized  unless  it  is  strongly  acid.  For  embryonic  organs  and  deli¬ 
cate  tissues  the  amount  of  formalin  may  be  reduced  to  10,  8,  or  6 
cc.  for  every  100  cc.  of  distilled  water  during  the  first  1  to  2  hours. 
After  that  time  the  solution  given  above  is  used.  Very  small  pieces 
of  tissue  are  fi.xed  in  2  to  4  hours,  while  pieces  of  adult  spinal  cord, 
cerebrum  and  cerebellum  require  10  to  18  hours  for  fixation. 
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Method  of  Stainiiii^.  1.  W'asli  the  (issue  (|ui('kly  iu  distilled 
water. 

2.  Place  in  a  1.5  per  cent  atpK'ous  silv('r  nitrate  solution  in  the 
dark  at  room  temperature  for  ah  to  4S  hours. 

3.  Wash  (luickly  in  distilled  water  and  trim  to  a  thickness  ol 
not  over  2  mm. 

4.  Reduce  in  Cajal's  reducer  for  8  to  24  hours  in  the  dark. 
For  most  soft  tissues  2  to  8  hours  are  enough. 


Cajal's  Reducer 


2  gm. 
1 5  cc. 
100  cc. 


nydroquinone 
Formalin,  neutral 
Water,  distilled 
Sodium  sulfite,  anhydrous 


0.3-0. 5  gm. 


This  solution  must  be  made  up  fresh  each  time. 

5.  ^^'ash  well  in  several  changes  of  distilled  water,  dehydrate 
and  embed  in  paraffin  or  celloidin.  Cut  sections  4  to  8  /c  Thicker 
ones  may  sometimes  be  useful. 

6.  Tone  sections  on  the  slide  in  a  0.2  per  cent  aqueous  solution 
of  gold  chloride  for  5  to  10  minutes. 

7.  Rinse  quickly  in  distilled  water. 

8.  P'i.\  in  a  5  per  cent  aqueous  solution  of  sodium  thiosulfate 
for  10  to  15  minutes. 

9.  Wash  thoroughly  in  distilled  water. 

10.  Counterstain  with  INIayer’s  paracarmine  (p.  79). 

11.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

12.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Golgi  apparatus  black;  cells  pink  to  red. 

F'or  tissues  requiring  decalcification  Weatherford  has  worked  out 
a  slight  modification  of  the  Da  fi'ano  method  which  has  given  good 
results  with  teeth. 

1.  Fix  as  usual,  6  to  8  hours,  in  the  cobalt  nitrate  solution. 

2.  \\'ash  quickly  in  distilled  water. 

3.  Place  in  a  5  per  cent  aqueous  solution  of  trichloracetic  acid, 
changing  every  other  day  to  fresh  acid.  The  acid  is  tested  for  cal¬ 
cium  with  a  5  per  cent  aqueous  solution  of  ammonium  oxalate. 
When,  on  addition  of  the  ammonium  oxalate,  a  llocculent  precipitate 
is  no  longer  formed,  decalcification  is  prolonged  overnight  in  a  fresh 
trichloracetic  acid  solution  as  an  added  lu'ecaution. 


4.  'I'ranslVr  tissue  directly  to  80  per  cent  alcohol  for  24  hours, 
changing  the  alcohol  several  times  to  ensure  the  removal  of  the  acid. 

5.  Remove  the  alcohol  by  repeated  changes  of  distilled  water. 

().  Place  in  the  cobalt  nitrate  fixative  for  at  least  1  hour. 

7.  Wash  the  tissue  quickly  in  distilled  water. 

8.  Place  in  a  1.5  per  cent  aqueous  silver  nitrate  solution  in  the 
dark  at  room  temperature  for  36  to  48  hours. 

9.  Proceed  as  in  the  original  Da  Fano  method  beginning  with 
Step  3. 

Kolatschew  and  Nassonov’s  Modification  of  Kopsch’s  Osmic 
Acid  Method  (1923-1924). — Fixation. — Fix  very  small  pieces 
of  tissue  in  a  modification  of  Champy’s  tluid  for  24  hours  at  room 
temperature. 

Potassium  bichromate,  3  per  cent  aqueous 

solution  4  parts 

Chromic  acid,  1  per  cent  aqueous  solution  4  parts 
Osmic  acid,  2  per  cent  aqueous  solution  2  parts 

Fixation  and  impregnation  must  be  carried  out  in  glass- 
stoppered  bottles  (8  cc.  vials  are  convenient). 

Method  oj  Staining. — 1.  Wash  in  running  water  6  to  24  hours, 
then  rinse  in  several  changes  of  distilled  water. 

2.  Place  in  a  1  per  cent  aqueous  solution  of  osmic  acid  at  35°  C. 
for  3  to  9  days.  If  the  fluid  turns  black  within  the  first  4  days 
renew  it. 

3.  When  the  reduction  of  the  osmic  acid  is  sufflciently  ad¬ 
vanced  wash  the  tissue  well  in  running  water,  usually  overnight. 

4.  Pass  rapidly  through  the  alcohol  series  and  oil  of  cedarwood. 

5.  Embed  in  paraffin  and  cut  sections  2  to  5  /i  thick. 

If  the  cut  sections  are  too  dark  the  excess  osmium  may  be  re¬ 
moved  by  turpentine.  Old  oxidized  turpentine  n  moves  the  osmium 
quicker  than  new. 

Sections  may  be  mounted  directly  after  the  removal  of  paraffin 
or  counterstained  first.  Kull’s  method  with  Altmann’s  aniline  acid 
fuchsin  gives  a  good  counterstain. 

6.  Stain  sections  in  Altmann’s  aniline  acid  fuchsin  (p.  92)  in 
the  paraffin  oven  for  30  minutes  and  cool. 

7.  Rinse  in  distilled  water. 

8.  Differentiate  with  0.5  per  cent  aurantia  in  70  per  cent  alcohol 
for  20  to  40  seconds,  controlling  with  the  microscope. 


Till-;  CKl.l.  IIS  I'ARIS,  CONS  I  rn'KN  rs  and  I’KODIA'IS  115 


1  )t.'hy(lrat(‘  in  ^>5  per  cent  lollowcd  by  absolute  alcohol. 

10.  C'lcar  in  xylol  and  monnl  in  balsam. 

Rrsn/ts.  In  sections  that  are  not  counterstained  the  (lolgi 
apparatus  apiHXirs  black  on  a  yellow  to  i^ray  background.  In  sec¬ 
tions  treated  by  Kull's  method  the  mitochondria  are  red  on  a  yellow 
background  in  contrast  with  the  black  (lolgi  apparatus. 

Cajal’s  Uranium  Nitrate  Method  for  the  Golgi  Apparatus 
(  1912). — Fixatio>i. — Fix  ])erfectly  fresh  pieces  of  tissue  for  10  to  24 
hours  in  Solution  A.  For  nerve  cells  it  is  better  to  fix  in  Solution  B 
for  10  to  24  hours.  Agitate  gently  once  in  a  while. 


Solution  A 

Uranium  nitrate 
Water,  distilled 
Formalin,  neutral 

Solution  B 

Uranium  nitrate 
Water,  distilled 
Formalin,  neutral 
.-Mcohol,  absolute 


1  gm. 
85  cc. 
15  cc. 

1  gm. 

80  cc. 
15-20  cc. 
30  cc. 


Method  of  Staining. —  1.  Wash  quickly  in  distilled  water  for  a 
few  seconds. 

2.  Place  in  1  to  1.5  per  cent  aqueous  solution  of  silver  nitrate 
in  the  dark  at  room  temperature  for  36  to  48  hours,  according  to 
the  size  of  the  piece. 

3.  Wash  quickly  in  distilled  water. 

4.  Place  in  the  following  reducing  solution  for  8  to  24  hours. 


Hydroquinone 

1-2 

gm 

Formalin,  neutral 

15 

cc. 

W'ater,  distilled 

100 

cc. 

Sodium  sulfite,  anliydrous 

0.1  -0.5 

gm 

Wake  up  the  solution  just  before  using  it  each  time.  The  amount 
of  sodium  sulfite  used  should  be  just  sufficient  to  produce  a  yellow 
color  in  the  solution. 

5.  Wash  in  tap  water. 

6.  Dehydrate  in  graded  alcohols  and  embed  in  paraffin  or  cel- 
loidin. 
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Rrsidts. — A  successful  iiupregnalion  shows  the  apparatus 

black  on  a  clear  yellow  background. 

3.  FATS  AND  FAT-LIKE  SUBSTANCES 

Under  this  heading  are  included  a  large  number  of  substances 
that  are  chemically  and  physically  related  to  the  fats.  Many  of 
them  occur  in  the  human  body  under  normal  and  under  pathological 
conditions  united  with  the  protoplasm  of  the  cell  in  a  combined  or 
invisible  form  and  also  deposited  in  adipose  tissue  subcutaneously, 
in  the  omentum,  and  elsewhere. 

These  fat-like  substances  are  usually  divided  into  two  main 
groups: 

1.  Neutral  fats,  which  are  esters  of  fatty  acids  (chiefly  oleic, 
palmitic  and  stearic  acids)  and  glycerol. 

2.  Lipoids,  which  are  substances  of  a  fat-like  nature.  The  most 
important  lipoids  are  the  phosphatides  (lecithin,  cephalin  and 
sphingomyelin),  the  cerebrosides  (phrenosin  and  kerasin),  and 
cholesterol.  Lecithin  is  a  compound  of  two  fatty  acid  molecules, 
phosphoric  acid,  glycerol,  and  choline  (trimethyl  oxyethyl  am¬ 
monium  hydroxide).  Cephalin  is  similar  except  that  the  nitrog¬ 
enous  base  is  amino  ethyl  alcohol.  Sphingomyelin  contains  a  fatty 
acid,  phosphoric, acid  and  two  bases  (choline  and  sphingosine) ,  but 
no  glycerol.  The  cerebrosides  contain  a  carbohydrate  (galactose), 
a  fatty  acid,  and  a  base  (sphingosine),  but  no  phosphorus.  Choles¬ 
terol  is  a  sterol  which  occurs  free  or  as  an  ester  in  the  body. 

Lecithin  is  soluble  in  alcohol,  ether,  chloroform  and  benzene. 
Cephalin  differs  in  that  it  is  almost  insoluble  in  alcohol.  Sphingo¬ 
myelin  and  the  cerebrosides  are  relatively  insoluble  in  ether,  but 
soluble  in  hot  alcohol,  benzene  or  pyridine. 

These  different  fats  and  fat-like  substances  can  be  recognized 
positively  only  by  chemical  methods,  but  many  of  them  possess 
more  or  less  definite  morphological  or  physical  properties  or  stain¬ 
ing  reactions  that  distinguish  them  from  other  substances  and  to 
some  extent  from  each  other.  Whenever  possible,  chemical  analyses 
should  be  carried  out  together  with  the  histological  examination. 

The  more  or  less  common  properties  by  which  microscopic 
differentiation  of  fats  and  lipoids  is  made  areas  follows: 

Solubility  in  alcohol,  ether,  chloroform  and  benzene;  insolubility 
in  water,  dilute  acids  and  alkalies. 
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Refract ivt'iH'ss,  which  causes  small  drops  to  appear  dark  in 
water,  while  large  drops  have  dark  contours  and  light  centers;  some 
lipoids  are  doubly  refractive  when  viewed  under  a  polarizing 
microscoju'. 

Reduction  of  osmic  acid  as  a  result  of  which  fats  are  stained 
black. 

Staining  with  certain  aniline  dyes  which  arc  soluble  in  fats. 


Examination  for  fat  can  be  made  in  the  fresh  state,  either  in 
teased  iireparations  or  in  frozen  sections,  in  smears,  or  after  fixa¬ 
tion.  Demonstration  of  fat  is  most  successful  in  unfixed  tissues.  If 
formalin-fixed  material  is  used  it  should  preferably  not  remain  in  the 
formalin  longer  than  a  few  days.  Fat-dissolving  substances  must 
be  avoided. 

The  most  important  of  the  general  fat  stains  is  scarlet  red  or 
Sudan  IV.  The  other  general  fat  stain,  formerly  used,  is  osmic 
acid.  It  does  not  react  with  all  fats  and  fat-like  substances  and 
does  react  with  many  non-fatty  substances,  so  that  it  is  of  limited 
value  as  a  fat  stain. 

The  supposedly  specific  fat  stains  are  Nile  blue  sulfate  for  sep¬ 
arating  neutral  fats  from  other  fats,  Fischler’s  method  for  demon¬ 
strating  fatty  acids,  and  Ciaccio’s  and  Smith-Dietrich’s  methods  for 
differentiating  lipoids  from  neutral  fats.  Weigert’s  method  stains 
normal  myelin  of  the  central  nervous  system  and  Marchi’s  method 
brings  out  degenerating  myelin.  Kaufmann  and  Lehmann  (  1926, 
1928,  1929)  have  thoroughly  examined  the  specificity  of  these 
stains  and  have  come  to  the  conclusion  that  it  is  impossible  to  dis¬ 
tinguish  between  various  kinds  of  fat  and  fat-like  substances  by 
means  of  stains. 

Polarized  light  is  also  used  for  differentiating  neutral  fats  (iso¬ 
tropic)  from  lipoids  (frequently  anisotropic).  It  is  impossible, 
however,  to  distinguish  between  neutral  fats  and  fatty  acids  or  be¬ 
tween  cholesterol  esters,  phosphatides  and  cerebrosides. 

Scarlet  Red  (Sudan  IV)  Stain  for  Fat.  -Almost  all  fats 
f)ccurring  in  the  body  stain  with  scarlet  red.  Because  the  dye  is 
more  soluble  in  fat  than  in  alcohol,  the  fat  by  a  purely  physical  stain¬ 
ing  [)rocess  takes  up  the  scarlet  red  from  the  alcoholic  solution. 

Driginally  Sudan  III  (Dafkli)  was  used,  but  it  stains  less  bril¬ 
liantly.  A  saturated  solution  of  scarlet  red  in  70  i)er  cent  alcohol 
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was  the  solution  formerly  used.  It  requires  staining  overnight  in 
order  that  the  best  results  may  be  obtained.  Herxheimer’s  (1901) 
scarlet  red  solution  stains  more  rapidly  and  intensely.  It  can  be 
highly  recommended  and  is  used  extensively. 

Fixation. — Fix  in  10  per  cent  formalin.  Cut  frozen  sections. 

Coverslip  preparations  fixed  in  formaldehyde  vapor  for  5  to  10 
minutes  can  be  stained  by  scarlet  red  by  the  same  method  used  for 
frozen  sections. 

Staining  Solution. — 

Herxheimer’s  Scarlet  Red  Solution 
Scarlet  red 
Alcohol,  70  per  cent 
Acetone,  C.P. 

Keep  in  a  tightly  stoppered  bottle. 

Method  of  Staining. — A  tightly  stoppered  bottle  should  be  used 
for  staining,  as  any  evaporation  of  the  alcohol  and  acetone  causes  a 
precipitation  of  the  stain. 

1.  Dip  for  an  instant  in  70  per  cent  alcohol. 

2.  Stain  in  the  scarlet  red  solution  2  to  5  minutes. 

3.  Wash  quickly  in  70  per  cent  alcohol. 

4.  Wash  in  water. 

5.  Stain  nuclei  in  alum  hematoxylin  (p.  70). 

6.  Wash  thoroughly  in  water. 

7.  Mount  in  glycerin  or  glycerin  jelly. 

If,  after  staining  with  alum  hematoxylin,  the  sections  are  put 
into  a  1  per  cent  aqueous  solution  of  acetic  acid  for  3  to  5  minutes 
and  then  washed  thoroughly  in  tap  water,  the  color  of  the  nuclei  is 
a  clearer  blue,  in  better  contrast  with  the  red  color  of  the  fat,  and 
the  staining  is  sharper. 

Results. — Nuclei  blue;  fat  orange  to  red;  cholesterol  less  bril¬ 
liantly  red;  normal  myelin  unstained;  and  fatty  acids  unstained. 

Osmic  Acid  Stain  for  Fat. — Oleic  acid  and  its  compounds 
(also  certain  non-fatty  substances,  such  as  tannic  acid  and  eleidin) 
are  blackened  by  the  reduction  of  osmium  tetroxide  to  osmium 
dioxide  acting  on  them.  Palmitic  and  stearic  compounds  are  stained 
only  when  exposure  to  osmic  acid  is  followed  by  treatment  with 
60  to  70  per  cent  alcohol,  which  changes  it  to  osmium  hydroxide — 
a  process  called  secondary  staining  of  fat. 


1  gm. 
50  cc. 
50  cc. 
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l''at  can  be  stained  by  fixing  tissut's  in  solutions,  such  as  Flem¬ 
ming’s  or  Marchi’s,  tluit  contain  osmic  acid,  but  there  is  always 
danger  of  reduction  of  tlie  osmium  by  embedding  tluids  dissolving 
the  fat.  In  embedding  in  paraffin  avoid  xylol;  use  oil  of  cedarwood 
instead.  Thus,  the  blocks  of  tissue  are  removed  from  absolute 
alcohol  and  transferred  to  oil  of  cedarwood.  Change  the  oil  of 
cedarwood  several  times  until  the  tissue  is  cleared,  and  then  embed 
directly  in  paraffin.  To  remove  the  paraffin  after  cutting  place  the 
sections  in  warm  oil  of  ceciarwood  in  the  paraffin  oven,  or  treat 
quickly  with  chloroform.  For  mounting  use  thickened  oil  of  cedar¬ 
wood  (immersion  oil);  place  1  drop  on  the  section  and  cover  with 
a  coverslip,  or  mount  in  chloroform  balsam.  The  best  contrast  stain 
is  safranine,  as  used  for  mitotic  figures,  but  treatment  with  acid 
alcohol  must  be  omitted.  Embedding  in  celloidin  is  also  possible; 
the  alcohol  probably  protects  the  osmium  from  the  injurious  action 
of  the  ether.  For  a  mounting  reagent  use  oil  of  origanum.  The 
best  method,  however,  and  the  one  recommended,  is  to  stain  the  fat 
in  frozen  sections  of  formalin-fixed  tissue. 

Fixation. — Fix  in  10  per  cent  formalin  for  24  hours.  Cut  frozen 
sections  and  place  in  distilled  water. 

Method  oj  Staining. —  1.  Place  sections  in  a  1  per  cent  solution 
of  osmic  acid  for  24  hours.  (Flemming’s  or  Marchi’s  solution  can 
be  used  instead.) 

2.  Wash  thoroughly  in  running  water  for  6  to  12  hours. 

3.  Place  in  absolute  alcohol  for  several  hours  to  obtain  the  secon¬ 
dary  staining  of  fat. 

4.  Wash  in  distilled  water. 

5.  Mount  in  glycerin  jelly. 

Results. — Fat  black;  background  yellow-brown. 

Nile  Blue  Sulfate  Stain  for  Separating  Neutral  Fats  from 
Other  Fats. — This  dye  was  introduced  by  Lorrain  Smith  (  1907- 
08)  as  a  stain  for  fat.  Boiled  with  dilute  sulfuric  acid  it  is  hydro¬ 
lyzed  and  produces  a  new  dye  of  the  class  known  as  oxazones.  This 
new  dye  is  red  and  soluble  in  neutral  fat.  Nile  blue  sulfate  itself 
is  not  fat  soluble  but  combines  readily  with  fatty  acids. 

The  dye,  as  bought  in  powder  form,  contains  a  certain  amount 
of  red  oxazone.  This  is  easily  te.sted  for  by  dissolving  a  little  of  the 
dye  in  water  in  a  test  tube  and  then  adding  1  cc.  or  more  of  xylol 
and  shaking  thoroughly.  If  the  red  oxazone  is  present  the  xylol  will 
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assunie  a  lluorc'sccnt  real  color.  If  not,  or  if  i^rescnt  in  loo  small  an 
amount,  it  can  be  developed  by  boiling  the  dye  in  a  0.5  per  cent 
solution  of  sulfuric  acid  for  1  to  2  hours  under  a  condenser. 

While  this  dye  is  not  so  good  or  intense  a  stain  for  fat  in  general 
as  scarlet  red,  it  has  certain  valuable  properties.  For  exam[)le,  it 
gives  a  double  stain,  coloring  neutral  fats  red,  lipoids  varying  shades 
of  blue.  Often  there  are  shades  between  red  and  blue  owing  to  the 
presence  of  mixtures  of  various  lipoids.  There  is  no  danger  of  loss 
of  fat  because  the  dye  is  used  in  an  aqueous  solution. 

Fixation. — Fix  in  10  per  cent  formalin.  Cut  frozen  sections  and 
place  them  in  distilled  water. 

Method  oj  Staining. — 1.  Stain  in  a  saturated  (less  than  2  per 
cent)  aqueous  solution  of  Nile  blue  sulfate  for  20  minutes. 

2.  Rinse  in  water. 

3.  Differentiate  in  1  per  cent  aqueous  solution  of  acetic  acid  10 
to  20  minutes,  or  until  the  colors  are  clear,  which  may  happen  in 
1  to  2  minutes. 

4.  Wash  thoroughly  in  distilled  water,  which  is  changed  several 
times,  for  1  to  2  hours. 

5.  Place  section  on  slide,  remove  excess  of  water  and  mount  in 
glycerin  or  glycerin  jelly. 

Results. — Neutral  fats  pink;  fatty  acids  and  other  fatty  sub¬ 
stances  blue  to  violet;  nuclei  and  elastic  tissue  dark  blue. 

Fischler’s  Method  for  Staining  Fatty  Acid  Crystals  and 
Soaps  (1904). — This  is  a  modification  of  Benda’s  stain  for  fat 
necrosis  and  is  based  on  the  observation  that  fatty  acid  crystals  and 
their  calcium  salts,  after  mordanting  in  copper  acetate,  will  form 
with  hematoxylin  a  black  compound  that  is  almost  insoluble  in 
Weigert’s  differentiating  mixture. 

Inasmuch  as  the  sodium  and  potassium  salts  of  the  fatty  acids 
(soaps)  are  soluble  in  formalin  they  must  be  converted  into  the 
insoluble  calcium  soap  by  saturating  the  fixing  solution  (  10  per 
cent  formalin)  with  calcium  salicylate.  By  comparing  stained  sec¬ 
tions  of  material  fixed  each  way  it  is  possible  to  judge  how  much, 
if  any,  soap  was  present  in  addition  to  the  fatty  acids. 

Calcium  soaps  are  not  soluble  in  a  mixture  of  equal  parts  of 
alcohol  and  ether,  or  in  hydrochloric  acid,  but  are  in  a  combination 
of  the  two.  Consequently  they  can  be  differentiated  from  fatty 
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acids,  which  arc  soluble  in  the  alcohol-ether  mixture,  or  from  cal¬ 
cium.  which  is  soluble  in  hydrochloric  acid. 

Fixation-  Fix  in  10  lu'r  cent  formalin.  Cut  frozen  sections. 
Stainin;j;  Solutions. — 

W'eigert’s  Hematoxylin  Solution 
Solution  A 


Hematoxylin 

1 

gm 

Alcohol,  absolute 

Solution  B 

10 

cc. 

Lithium  carbonate. 

saturated  acpieous  solution 

(about  1.25  per 

cent ) 

1 

cc. 

Water,  distilled 

90 

cc. 

Mix  A  and  B  and  let  the  combined  solution  ripen  for  several 
days  before  use. 

Weigert’s  Borax-Potassium  Ferricyanide 
Potassium  ferricyanide  2.5  gm. 

Borax  2  gm. 

Water,  distilled  100  cc. 

Method  oj  Staining. —  1.  Mordant  the  sections  in  a  saturated 
aqueous  solution  (12.5  per  cent)  of  copper  acetate  for  2  to  24  hours 
at  room  temperature. 

2.  Wash  in  distilled  water. 

3.  Stain  for  at  least  20  minutes  in  Weigert’s  hematoxylin. 

4.  Differentiate  in  Weigert’s  borax-potassium  ferricyanide  mix¬ 
ture,  greatly  diluted,  until  the  red  blood  corpuscles  are  decolorized. 

5.  Wash  thoroughly  in  distilled  water. 

6.  Mount  in  glycerin  or  glycerin  jelly. 

Rrsidts. — F'atty  acids  deej)  blue-black.  Iron,  hemoglobin  and 
calcium  may  stain  also. 

If  the  neutral  fats  are  to  be  stained  by  scarlet  red  proceed  as 
follows  after  Step  5 : 

h.  Stain  in  (he  scarlet  red  solution  (  p.  118)  several  minutes. 

7.  Pass  quickly  through  70  iier  cent  alcohol. 

8.  Wash  in  distilled  water. 

9.  Mount  in  glycerin  jelly. 

Ciaccio’s  Method  of  Staining  Lipoids  (  1909-10).  -The 
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claims  of  Ciaccio  that  the  method  stains  lipoids  specifically  have 
not  been  substantiated. 

Fixation. — 1.  Place  very  thin  slices  of  fresh  or  formalin-fixed 
tissue  in  the  following  solution  for  2  days: 

Potassium  bichromate,  5  per  cent  aqueous  solu¬ 


tion 

Formalin 

Acetic  acid,  glacial 


80  cc. 
20  cc. 
5  cc. 


2.  Transfer  to  a  3  per  cent  aqueous  solution  of  potassium 
bichromate  for  5  to  8  days. 

3.  Wash  in  running  water  24  hours. 

4.  Dehydrate  in  graded  alcohols  up  through  95  per  cent  for  24 
hours.  Absolute  alcohol  1  to  2  hours.  Embed  in  paraffin  after 
passing  through  benzol.  Cut  sections  and  return  them  to  70  per 
cent  alcohol. 

Staining  Solution. — 

Alcohol,  ethyl,  SO  per  cent  95  cc. 

Acetone  5  cc. 

Sudan  III  to  saturation  at  50°  C. 

Cool  and  filter. 

Method  oj  Staining.- — 1.  Stain  in  the  above  solution  in  the  in¬ 
cubator  at  37°  C.  for  to  1  hour. 

2.  Wash  quickly  in  50  per  cent  alcohol. 

3.  Wash  well  in  distilled  water. 

4.  Stain  nuclei  in  alum  hematoxylin  (p.  70). 

5.  Wash  in  water. 

6.  Mount  in  the  Apathy-Kasarinoff  gum  solution  made  as  fol¬ 


lows: 


50  gni. 
20  gm. 
50  cc. 
0.05  gm. 


Gum  arabic 
Cane  sugar 
Water,  distilled 
Thymol 


Filter  in  oven  at  55°  C. 

Results. — The  lipoids  that  stain  are  colored  orange-yellow;  the 
medullary  sheaths  of  nerves  stain  bright  red. 

If  Nile  blue  sulfate  is  used  instead  of  Sudan  III,  the  lipoids  are 
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''taint'd  hhu'-xioU't.  Al'tTr  Stcj)  2  ( iindci'  h'ixutiou)  it  is  i)ossil)l(‘  to 
stain  tlu'  neutral  lats  with  osinie  acid  which  makes  a  ^ood  contrast. 

The  Lorrain  Smith-Dietrich  Stain  for  Lipoids  (1910). 
This  inetliod  is  bast'd  on  W'eigeiT's  slain  for  tht'  mt'tinllary  slu'ath 
whicli  consists  chiellN’  t)f  ”Iycoli|)ides  ( ct'rt'brositles  ) ,  phospholipidt's 
anti  cht)lestert)l.  'The  metluttl  is  supi)osetlly  positive  fttr  |)hosj)hatitles 
( sphinytaiiyelin,  cephalin),  chtilesterol  fatty  acid  mixtures,  cerebro- 
sitles  anti  tt)  some  extent  lor  fatty  acids  and  soaps.  However,  iron. 
liemt)globin  anti  hematogenous  irigment  may  stain  also. 

Fixation.  Fix  in  10  [)er  cent  fttrmalin.  ('ut  frttzen  sections. 

Staining  Sol nJ ion. — 

Hematoxylin,  10  per  cent  in  absolute  alcohol  10  cc. 

-Acetic  acid,  2  per  cent  aqueous  solution  90  cc. 

The  alcoholic  hematoxylin  solution  should  have  ripened  at  least 
6  months. 

Method  of  Staining. —  1.  Mordant  sections  in  a  5  per  cent 
aqueous  solution  of  potassium  bichromate  for  24  to  48  hours  at 
37^  C. 

2.  \\'ash  in  distilled  water. 

3.  Stain  for  4  to  5  hours  in  the  hematoxylin  solution  at  37°  C. 

4.  Wash  in  distilled  water. 

5.  Differentiate  in  Weigert’s  borax-potassium  ferricyanide  solu¬ 
tion  (p.  121)  overnight. 

6.  Wash  thoroughly  in  distilled  water. 

7.  Mount  in  le\'ulose  syrup  made  up  as  follows: 

Levulose 

Water,  distilled 

Mix  and  let  thicken  for  24  hours  at  37°  C. 

Results. — Lipoid  substances  blue-black. 

Cholesterol  a<nd  Cholesterol  Compounds. — The  polarizing 
microscope  is  frequently  used  for  the  demonstration  of  the  presence 
of  cholesterol  and  its  compounds.  Cholesterol  compounds  usually 
appear  as  doubly  refractive  (anisotropic)  spheres  with  a  dark  axial 
cross.  However,  any  fat-like  substance  except  neutral  fats  and 
fatty  acids  may  aiqjear  as  anisotropic  spheres  with  a  dark  axial 
cross.  It  is,  therefore,  impossible  to  distinguish  with  the  imlarizing 


30  gm. 
20  cc. 
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inicr()sc()i)c‘  bt'tvvpc'n  cholesterol  esters,  phosphatides  and  cerebro- 
sides. 

Method  for  Demonstrating  Cholesterol  after  A.  Schultz 

(1924-25). — This  method  is  an  application  of  the  Liebermann- 
Burchardt  cholesterol  test.  It  is  specific  for  cholesterol  whether 
free  or  as  an  ester.  The  reaction  is  never  positive  if  cholesterol  is 
absent,  but  it  sometimes  may  be  negative  when  cholesterol  is 
present. 

Fixation. — Fix  in  10  per  cent  formalin.  Cut  frozen  sections. 

Staining  Solutions. — 

Stock  Iron  Alum  Solution. — Dissolve  100  gm.  of  ammonio- 
ferric  alum  in  1000  cc.  of  distilled  water  at  room  temperature  to 
make  a  10  per  cent  solution. 

Dilute  Iron  Alum  Solution. — Dilute  1  volume  of  the  stock 
solution  to  4  times  its  volume  with  distilled  water,  making  a  2.5  per 
cent  solution. 

Acid  Mi.xturc. — Add  slowly  with  external  cooling  concen¬ 
trated  sulfuric  acid  (98  per  cent  H-SO4)  to  an  equal  volume  of 
glacial  acetic  acid. 

Method  oj  Staining. — 1.  Place  frozen  sections  for  3  days  at  37° 
C.  in  the  2.5  per  cent  ammonio-ferric  alum  solution. 

2.  Rinse  in  distilled  water. 

3.  Float  on  a  slide  which  has  a  film  of  albumin-glycerin. 

4.  Blot  dry  with  filter  paper. 

5.  Treat  with  a  few  drops  of  the  acid  mixture  dropped  on  with 
a  glass  rod. 

6.  Cover  with  a  coverslip. 

Results. — Within  a  few  seconds  a  blue-green  color  appears  after 
the  acid  mixture  has  been  added,  if  cholesterol  is  present.  The  stain 
is  not  permanent;  it  becomes  a  grayish  brown  within  Vi:  hour. 

Windaus’  Digitonin  Reaction  for  Cholesterol  (1909,  1910). 
— This  method  is  a  reaction  for  free  sterols.  IVIore  work  needs  still 
to  be  done  on  it.  It  has  the  disadvantages  that  the  digitonin  is  very 
expensive  and  that  coverslips  and  slides  must  be  absolutely  clean, 
since  any  fingerprints  give  a  ])ositive  reaction,  because  of  the  choles¬ 
terol  present  in  perspiration. 

Method  of  Staining. — Mount  a  frozen  section  on  a  slide  and 
cover  with  a  coverslip.  Then  place  1  drop  of  a  0.5  per  cent  solution 
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(if  (ligitonin  in  85  jun-  cent  alcohol  at  the  edge  of  the  coversliii  and 
let  it  run  under. 

Results. — If  cholesterol  is  jiresent  digitonin  cholesteride  crystals 
(pointed  needles)  are  formed  immediately.  The  digitonin  choles¬ 
teride  crystals  may  be  identified  by  their  solubility.  They  are  in¬ 
soluble  in  water,  acetone,  ether;  almost  insoluble  in  cold  85  to  95 
[ier  cent  alcohol;  slightly  soluble  in  boiling  absolute  alcohol  and  in 
methyl  alcohol;  soluble  in  glacial  acetic  acid;  and  very  .soluble  in 
pyridine  and  chloral  hydrate. 

Clolodetz  (  1908)  recommends  applying  to  the  frozen  sections  a 
mixture  of  5  parts  of  sulfuric  acid  to  2  jiarts  of  30  per  cent  formalin. 
.\fter  1  to  2  minutes  cholesterol-containing  tissue  stains  a  deep 
brownish  red. 

Lipochrome  and  Lipofuscin. — These  are  terms  applied  to  fats 
colored  by  carotene  dissolved  in  them.  They  occur  in  liver  and 
nerve  cells  and  in  cardiac  muscle  fibers  under  a  variety  of  path¬ 
ological  conditions.  The  yellow  pigment  carotene  is  derived  from 
ingested  plant  foods,  such  as  carrots,  squash  or  other  yellow 
vegetables. 

Myelin. — Morphologists  apply  the  term  myelin  to  the  fatty 
substances  forming  the  medullary  sheaths  of  nerves.  The  two  best 
methods  for  its  demonstration  are  Weigert’s  stain  for  normal  myelin 
(p.  231 )  and  Marchi’s  method  for  degenerating  myelin  (p.  237). 

4.  HYALINE  SUBSTANCES 

A  number  of  hyaline  substances  occur  in  the  body  in  normal, 
and  especially  in  pathological  conditions.  Three  of  them,  glycogen, 
mucus  and  amyloid,  give  fairly  characteristic  physical  or  chemical 
reactions.  The  others  do  not.  Some  stain  with  basic,  others  with 
acid  dyes  or  not  at  all.  The  three  definite  hyaline  substances  will 
be  taken  up  here,  the  others  under  the  organ  or  tissue  in  which  they 
are  found. 

(1)  Glycogen 

Glycogen  is  a  carbohydrate  of  slightly  varying  composition  oc¬ 
curring  in  cells  and  nuclei,  more  rarely  in  the  intercellular  tissue, 
either  diffusely  or  more  commonly  in  the  form  of  larger  or  smaller 
masses  and  droplets  of  a  transparent  homogeneous  aiiiiearance. 
Like  amyloifl  it  stains  brown  with  iodine  but  can  easily  be  differim- 
tiated  from  it  by  the  fact  that,  with  the  excejition  of  the  glycogcm 
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from  certain  sources  such  as  cartilage  cells,  it  is  readily  soluble  in 
water  and  does  not  give  the  iodine-sulfuric  acid  reaction. 

Fixation. — Two  methods  are  available  for  fixing  and  retaining 
glycogen  in  tissues,  the  formalin  and  the  alcohol  method.  The  first 
is  useful  for  frozen  sections.  The  second  is  more  convenient  and 
is  generally  regarded  as  better.  Either  may  be  used  for  celloidin 
embedding. 

Formalin. — Formalin  is  used  either  in  full  strength  or  diluted, 
and  is  saturated  with  dextrose  as  described  by  Neukirch  (1909). 
For  frozen  or  celloidin  sections  fix  6  to  24  hours  and  then  transfer 
frozen  sections  to  a  saturated  aqueous  solution  of  dextrose,  and  cel¬ 
loidin  sections  to  80  per  cent  alcohol  saturated  with  dextrose. 
Frozen  sections  can  be  kept  in  the  dextrose  solution  or  transferred 
to  95  per  cent  alcohol.  Water  must  be  avoided  both  before  and 
after  fixation.  The  alum  hematoxylin  used  for  staining  the  nuclei 
in  frozen  sections  and  the  water  used  for  washing  out  the  stain  must 
be  saturated  with  dextrose. 

Alcohol. — Absolute  or  95  per  cent  alcohol,  also  Carnoy’s  fluid 
and  the  alcohol-formalin  mixture  are  useful.  One  point  to  be  borne 
in  mind  is  that  alcohol,  especially  if  absolute,  in  penetrating  the 
tissue  drives  the  glycogen  ahead  of  it  to  the  inner  side  of  the  cells; 
at  least  this  occurs  in  the  cells  near  the  surface  of  the  fi.xed  tissue. 

Fjnbcdding. — This  should  be  done  in  celloidin  as  it  fixes  the 
glycogen  in  position  and  thus  permits  the  sections  to  be  treated  with 
water. 

Staining. — For  staining,  two  methods  are  available:  staining 
with  iodine  nr  with  carmine. 

Langhans’  Iodine  Stain  for  Glycogen  (1890). — Fixation. — 
Formalin  saturated  with  dextrose  (.see  above)  or  alcohol.  Cut 
frozen  sections  or  embed  in  celloidin. 

Method  oj  Staining. — 1.  .Stain  sections  in  Gram’s  iodine  solution 
(]).  82  )  5  to  10  minutes. 

2.  Dehydrate  in  a  mixture  of  1  part  of  a  10  per  cent  solution 
of  iodine  in  95  per  cent  alcohol  and  5  or  4  parts  of  absolute  alcohol. 

.5.  Clear  and  mount  in  oil  of  origanum.  The  sections  are 
mounted  in  the  same  oil.  as  other  oils  are  not  so  satisfactory.  Seal 
with  Duco  cement.  Preparations  keep  only  a  few  months. 

/vb'.wy//.9.-  (llycogen  brown. 

Best’s  Carmine  Stain  (1906). — This  stain  affords  by  all  odds 
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llu‘  most  brilliaiU,  pennaiu'nl  and  satisfactory  method  of  demoii- 
>l rating  glycogen  in  tissues  and  has  practically  superseded  the  tise 
of  iodine. 

Fixation.  Fix  tissues  in  absolute  alcohol,  hanbed  in  ccdloidin, 
which  ]u-events  the  glycogen  from  dissolving  in  water.  Paraffin  and 
frozen  sections  should  not  be  used. 

.Staiiii)i('  Solittioii .  'Vhe  stock  carmine  solution  is  made  as  fol¬ 
lows: 


Carmine  2  gm. 

Potassium  carbonate  I  gm. 

Potassium  chloride  5  gm. 

W'ater.  distilled  60  cc. 


Foil  gently  and  cautiously  for  several  minutes.  .After  cooling 
add : 

.Ammonia  water,  28  per  cent  20  cc. 

It  is  advisable  to  keep  the  stock  solution  in  the  ice-box. 


Differentiating  Solution 

.Alcohol,  absolute  80  cc. 

.Alcohol,  methyl  40  cc. 

Water,  distilled  100  cc. 

Method  of  Staining. — 1.  Stain  sections  deeply  with  alum  hem¬ 
atoxylin  (p.  70)  and  wash  in  water. 

2.  Decolorize  with  acid  alcohol  ( 1  per  cent  hydrochloric  acid 
in  70  per  cent  alcohol ),  if  necessary,  after  which  wash  thoroughly  in 
running  water. 

3.  Stain  for  5  to  30  minutes  in  the  following  solution; 

Stock  carmine  solution,  freshly  filtered  20  cc. 

.Ammonia  water,  28  per  cent  30  cc. 

-Alcohol,  methyl  ,>0  cc. 

4.  I'ransfer  sections  from  stain  with  a  glass  rod  or  platinum 
needle  without  touching  water  into  the  differentiating  solution  for 
1  to  3  minutes,  changing  the  fluid  occasionally  until  it  remains  clear. 

5.  Rinse  (quickly  in  80  per  cent  alcohol. 

6.  Dehydrate  in  9.t  per  cent  alcohol. 

7.  (dear  in  oil  of  origanum  and  mount  in  balsam. 
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/\p.s7///.v.—  (llyco^cMi  red;  nuclei  blue.  The  method  also  stains 
the  chief  cells  of  the  stomach,  the  corpora  amylacea  of  the  nervous 
system,  and  occasionally  mucin  in  goblet  cells  and  the  granules  of 
mast  cells. 

(2)  Mucin 

Mucus  is  produced  by  fibroblasts  and  by  epithelial  cells.  It  is 
characterized  by  the  presence  of  mucin,  a  term  used  chemically  to 
include  a  series  of  closely  related  nitrogenous  substances. 

Mucin  swells  but  is  not  soluble  in  water.  It  is  precipitated  by 
dilute  acetic  acid  (pseudomucin  is  not)  and  by  alcohol.  If  placed 
in  water  the  precipitate  caused  by  alcohol  disappears,  that  caused 
by  acetic  acid  does  not.  iVIucin  is  easily  soluble  in  dilute  alkaline 
fluids. 

The  commonest  and  most  reliable  test  for  mucin  is  precipita¬ 
tion  in  the  fresh  condition  by  dilute  acetic  acid.  Place  material  or 
tissue  ( teased  or  frozen  sections )  on  a  slide  in  water  and  draw  a  drop 
of  glacial  acetic  acid  under  the  coverslip  by  placing  a  piece  of  filter 
paper  on  the  opposite  side. 

Fixation. — The  best  fixative  is  absolute  alcohol,  which  precipi¬ 
tates  the  mucin  in  the  form  of  fine  granules,  droplets  and  threads. 
After  24  hours  the  tissue  may  be  preserved  in  80  per  cent  alcohol. 
Formalin  can  also  be  used,  provided  it  is  not  alkaline,  without  injur¬ 
ing  the  staining  properties  and  it  solidifies  the  mucus  without  pre¬ 
cipitation.  The  addition  of  5  per  cent  of  acetic  acid  is  advised. 
After  fixation  for  12  to  24  hours,  preserve  in  80  per  cent  alcohol. 
Pfixation  in  a  saturated  solution  of  corrosive  sublimate  for  2  to  8 
hours  followed  by  several  changes  of  80  per  cent  alcohol  has  been 
much  advocated  in  the  past  but  does  not  give  nearly  so  good  stain¬ 
ing  results. 

Staining. — Several  staining  methods  are  available  for  demon¬ 
strating  mucin  in  sections  after  fixation.  Although  not  specific  they 
are  useful  and  fairly  satisfactory. 

.Wum  hematoxylin  stains  mucin  well  under  certain  conditions 
after  various  fixatives,  especially  alcohol,  formalin,  or  a  combina¬ 
tion  of  the  two.  -The  best  results  are  obtained  by  diluting  the  alum 
hemato.xylin  used,  taking  1  part  of  stock  solution  (p.  70)  to  9 
parts  of  10  per  cent  alcohol  made  up  with  tap  water,  which  is  faintly 
alkaline  and  will  counteract  somewhat  the  acidity  of  the  alum.  The 
alcohol  keeps  the  mucin  from  swelling.  Fixation  in  absolute  alcohol 
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is  Strongly  advised  in  spite  of  its  tendeney  to  cause  shrinkage. 
Stain  paraffin  or  celloidin  sections  for  SO  minutes  to  1  hour  or  longer, 
wash  for  5  to  10  minutes  in  several  changes  of  tap  water  and  de¬ 
hydrate  and  mount  in  the  usual  way.  The  mucin  derived  from 
fibroblasts  stains  intensely  blue,  d'he  same  is  true  of  fresh  mucin 
of  ejiithelial  origin  but  not  of  old  mucin.  A  light  contrast  stain  with 
[ihloxine  is  sometimes  desirable.  The  sections  should  not  touch 
water  at  any  stage  until  after  they  are  stained. 

The  two  following  staining  methods  can  be  highly  recommended 
and  the  results  are  almost  specific. 

Mayer’s  Muchematein  Stain  (  1896). — This  stain  is  especially 
recommended  for  mucin  of  fibroblastic  origin.  Mucin  produced  by 
epithelial  cells  sometimes  stains  intensely  (bronchus),  or  poorly 
(colon),  or  not  at  all  (stomach),  unless  the  mucus  is  being  actively 
formed. 

Fixation. — Absolute  alcohol.  Embed  in  paraffin  or  celloidin. 

Staining  Solutions. — Two  different  solutions  are  recommended. 
The  alcoholic  solution  is  considered  preferable. 


Ac|ueous  Solution 

Hematein 

.Muminum  chloride 
Glycerin 
Water,  distilled 


0.2  gm. 
0.1  gm. 
40  cc. 
60  cc. 


Mix  the  hematein  with  a  few  drops  of  glycerin  and  add  the 
aluminum  chloride,  then  add  the  rest  of  the  glycerin  and  water. 


.■\lcoholic  Solution 

Hematein  0.2  gm. 

.•\luminum  chloride  0.1  gm. 

-Alcohol,  70  per  cent  100  cc. 

Nitric  acid  1  drop 

Method  oj  Staining. —  1.  Stain  sections  for  10  to  15  minutes, 
sometimes  for  1  hour  or  longer. 

2.  Wash  for  5  to  10  minutes  in  several  changes  of  distilled  water. 
.5.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

4.  Clear  in  xylol  and  mount  in  balsam. 

C'elloidin  sections  should  be  cleared  in  terpineol  or  oil  of  orig¬ 
anum  from  95  i)er  cent  alcohol. 
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Results.  Ou\y  mucin  stains  blue. 

Mayer’s  Mucicarmine  Stain  ( 1896 ).- -This  stain  is  particu¬ 
larly  valuable  for  mucin  derived  from  epithelial  cells  (bronchi  and 
colon  for  examjrle).  Mucin  derived  from  fibroblasts  stains  poorly. 

Fixation. — Absolute  alcohol.  Embed  in  paraffin  or  celloidin. 

Staining  Solution. — 

Carmine  1  gm. 

Aluminum  chloride,  anhydrous  0.5  gm. 

W'ater,  distilled  2  cc. 

Combine  and  heat  over  a  small  llame  for  2  minutes,  stirring  con¬ 
stantly,  until  the  reddish  mixture  becomes  a  dark  color.  Then 
gradually  add  carefully,  while  stirring  constantly,  100  cc.  of  50  per 
cent  alcohol.  Let  the  solution  stand  for  24  hours,  then  filter.  This 
stock  solution  keeps  well. 

For  use  dilute  1  part  of  stock  solution  with  10  parts  of  distilled 
water  or  of  50  to  70  per  cent  alcohol.  Again,  the  alcoholic  solution 
is  preferable. 

Method  oj  Staining. —  1.  Stain  sections  for  10  to  15  minutes  or 
longer  with  the  diluted  mucicarmine  stain. 

2.  Wash  quickly  in  water. 

3.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

4.  Clear  in  .xylol  and  mount  in  balsam. 

Celloidin  sections  should  be  cleared  in  terpineol  or  oil  of  orig¬ 
anum  from  95  per  cent  alcohol. 

Results. — Only  mucin  stains  red. 

Thionin  Stain  for  Mucin.  Alucin  tends  to  stain  more  or  less 
intensely  with  certain  basic  aniline  dyes.  The  most  useful  is  thionin 
because  it  gives  a  metachromatic  stain. 

Fixation. — Absolute  alcohol.  Embed  in  paraffin  or  celloidin. 

Method  oj  Staining. —  1.  Stain  sections  in  a  1  per  cent  solution 
of  thionin  in  25  per  cent  alcohol  for  15  minutes  to  1  hour  or  longer. 

2.  Differentiate  in  95  per  cent  followed  by  absolute  alcohol. 

3.  Clear  in  xylol  and  mount  in  balsam. 

Clear  celloidin  sections  after  95  per  cent  alcohol  in  terpineol  or 
oil  of  origanum. 

Results. — d'he  mucin  appears  light  to  dark  red  or  puri)]e,  or 
even  blue,  depending  on  the  intensity  of  the  stain. 
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Fuchsin  Stain  for  Mucin.  'I'Ik'  following  sinii)l(‘  stain, 
although  less  specific,  is  sometimes  useful. 

Fixation.  .Absolute  alcohol,  f'lnbed  in  paraftin  or  celloidin. 

Method  of  Stainiiii;.  1.  Stain  sections  in  dilute  alum  hem¬ 
atoxylin  as  already  recommended  above  for  ,S  to  LS  minutes. 

2.  Wash  in  several  changes  of  water. 

3.  Stain  5  to  10  minutes  in  a  0.1  per  cent  aqueous  solution  of 
basic  fuchsin. 

4.  Decolorize  and  dehydrate  in  95  per  cent  followed  by  absolute 
alcohol. 

5.  Clear  in  xylol  and  mount  in  balsam. 

Celloidin  sections  arc  cleared  in  terpineol  or  in  oil  of  origanuni, 
after  95  per  cent  alcohol. 

Results. — Epithelial  mucin  is  stained  intensely  red  but  so  also 
arc  mast  cells,  In’aline  droplets  in  plasma  cells  and  zymogen 
granules  in  the  glands  of  the  stomach.  The  mucus  in  the  stomach 
does  not  stain  by  this  method  or  by  any  other  unless  freshly  pro¬ 
duced. 

Two  staining  methods  in  common  use  give  an  excellent  idea  of 
the  general  distribution  of  epithelial  mucin.  The  phloxine-methylene 
blue  stain  after  Zenker  fixation  stains  the  mucin  pale  blue,  even  in 
the  stomach.  The  second  method,  Mallory’s  aniline  blue  collagen 
stain,  also  stains  mucin  blue,  but  of  a  deeper  shade.  For  staining 
the  mucin  in  the  stomach  it  seems  to  be  the  most  satisfactory  stain 
we  have. 

(3)  Amyloid 

Amyloid  is  a  combination  of  an  albuminous  substance  with 
chondroitin  sulfuric  acid.  It  is  in.soluble  in  water,  alcohol,  ether  and 
dilute  acids,  and  is  not  digested  by  pepsin  and  hydrochloric  acid. 
It  is  distinguished  from  the  other  homogeneous  substances,  except 
glycogen,  by  the  fact  that  iodine  stains  it  mahogany  brown.  The 
reaction  is  particularly  useful  as  a  test  on  fresh  gross  material.  It 
a  section  containing  amyloid  be  quickly  and  lightly  stained  in 
Gram’s  iodine  solution  and  then  transferred  to  sulfuric  acid,  the 
color  of  the  amyloid  will  usually  change  at  once  or  in  a  few  minutes 
from  red  to  violet  to  blue.  Sometimes  the  color  turns  merely  a 
deeper  brown.  Several  of  the  aniline  dyes,  especially  crystal  violet, 
give  ahiKxst  as  perfect  characteristic  color  reactions  ( metachromatic) 
for  amyloid  as  iodine,  and  are  perhaps  to  be  preferred  for  the  |)ur- 
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poses  of  histological  study.  Any  of  these  differential  stains  may  be 
used  with  fresh  or  hxed  tissues.  Alcohol  as  a  fixing  reagent  gives 
the  best  results,  but  the  other  fixatives,  especially  formalin,  may  be 
employed.  Mayer’s  method  for  amyloid  gives  a  metachromatic 
stain  that  keeps  well  for  years.  Another  useful,  simple  and  perma¬ 
nent  method  is  that  of  Bennhold,  using  Congo  red.  The  nuclei  can 
be  stained  with  alum  hematoxylin,  thus  affording  a  bright  contrast 
of  color.  The  ordinary  double  stains  of  alum  hematoxylin  with 
phloxine  or  van  Gieson’s  mixture  will  often  be  found  of  value  in 
studying  the  distribution  of  amyloid.  The  aniline  blue  connective 
tissue  stain  can  also  be  highly  recommended  as  it  stains  amyloid 
light  blue  so  that  it  stands  out  in  marked  contrast  to  the  red  of  the 
tissue  cells,  or  the  bright  blue  of  collagen  fibrils. 

Iodine  Reaction  for  Amyloid. — Fixation. — Fix  in  absolute  al¬ 
cohol  or  10  per  cent  formalin.  Cut  paraffin  or  frozen  sections. 

Method  oj  Staining. — 1.  Stain  sections  in  a  weak  solution  of 
iodine  (Gram’s  solution  [p.  82 J  diluted  until  of  a  clear  yellow 
color)  for  3  minutes. 

2.  Wash  in  water. 

3.  Mount  and  examine  in  water  or  glycerin. 

Rcsiilts. — i\myloid  mahogany  brown.  If  the  reaction  of  the 
tissue  is  strongly  alkaline,  a  condition  that  may  result  from  post¬ 
mortem  decomposition,  the  color  reaction  with  iodine  will  not  take 
place.  In  such  cases  the  tissue  or  sections  should  be  treated  with 
dilute  acetic  acid  before  applying  the  test.  The  reaction  of  amyl¬ 
oid  with  iodine  may  be  increased  by  treating  the  section  after  stain¬ 
ing  with  dilute  acetic  acid. 

Langhans’  Method  for  Obtaining  Permanent  Mounts  with 
Iodine  (1890). — Fixation. — Fix  in  alcohol.  Embed  in  celloidin. 

Method  of  Staining. — 1.  Stain  in  Mayer’s  alcoholic  carmine  so¬ 
lution  ( p.  79)  for  10  to  15  minutes  or  longer. 

2.  Place  sections  in  Gram’s  iodine  solution  (p.  82)  5  to  10 
minutes. 

3.  Dehydrate  (piickly  in  10  per  cent  tincture  of  iodine  1  part, 
absolute  alcohol  3  or  4  jiarts. 

4.  C'lear  and  mount  in  oil  of  origanum. 

/\e.s?(lt.s. — Amyloid  brown.  The  color  is  said  to  keep  remark¬ 
ably  well.  Other  oils  or  balsam  cause  it  to  fade  cpiickly.  Staining 
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in  (iiam's  iodine  solution  may  Ix'  omitted  as  the  tinetnre  ol  iodine 
usually  stains  the'  amyloid  sulTieiently  deeply. 

Iodine  and  Sulfuric  Acid  Reaction.  Method  of  Staining.  - 

1.  Stain  frozen  sections  of  fresh  unfixed  tissue  (juickly  and  lightly 
in  dram's  iodine  solution  (j).  S2). 

2.  d'reat  with  sulfuric  acid,  eitlu'r  concentrated  or  dilute  ( 1-5 
per  cent)  on  a  slide  or  in  a  staining  dish.  Stronff  hydrochloric  acid 
may  be  used  in  the  same  way. 

,1.  Examine  sections  in  water  or  glycerin. 

Results. — Amyloid  stains  mahogany  brown  with  iodine.  On  the 
addition  of  sulfuric  acid  the  change  of  color  from  red  to  violet  to 
blue  usually  occurs  within  a  few  minutes,  but  occasionally  does  not 
take  jdace  at  all. 

The  following  substances  give  reactions  with  the  above  iodine 
tests: 

1.  Cholesterol  crystals  are  stained  rather  deeply  brown  with 
dilute  iodine  solution,  and  turn  a  brilliant  blue  color  at  the  edges  on 
the  application  of  strong  sulfuric  acid. 

2.  Corpora  amylacea  in  the  prostate  and  central  nervous  system 
stain  brown  with  the  dilute  iodine  solution. 

3.  Starch  granules  stain  blue  with  dilute  iodine  solution. 

4.  Cellulose  stains  yellow  with  iodine.  If  washed  and  treated 
with  strong  sulfuric  acid  it  turns  blue  where  the  acid  touches  it. 

Bennhold’s  Congo  Red  Stain  for  Amyloid  (1922). — This 
method  will  be  found  simple  and  reliable,  and  the  results  are  excel¬ 
lent.  It  stains  amyloid  vitally  if  injected  intravenously. 

Fixation. — Absolute  alcohol  or  10  per  cent  formalin.  Embed  in 
paraffin  or  celloidin,  or  cut  frozen  sections. 

Method  of  Staining. — 1.  Stain  sections  in  a  1  per  cent  aqueous 
solution  of  Congo  red  for  10  to  20  minutes,  or  longer  if  a  deep  color 
is  desired. 

2.  Dip  in  a  saturated  aqueous  solution  of  lithium  carbonate  (1.25 
per  cent)  for  15  seconds. 

3.  Decolorize  in  80  [ler  cent  alcohol  until  clouds  of  stain  no 
longer  come  from  the  section.  If  the  section  is  not  uniformly  de¬ 
colorized  Steps  2  and  3  can  be  repeated. 

4.  Wash  in  water  for  15  minutes. 

5.  C’ounterstain  with  alum  hematoxylin  (  p.  70). 

6.  Wash  in  water. 
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7.  Dehydrate  in  95  per  cent  and  absolute  alcohol. 

8.  Cdear  in  xylol  and  mount  in  balsam. 

Clear  celloidin  and  frozen  sections  in  terpineol  or  in  oil  of 
origanum  after  95  per  cent  alcohol. 

KcsitUs. — Amyloid  red;  nuclei  blue;  hyalin  and  colloid  unstained. 

Crystal  Violet  Stain  for  Amyloid. — Fixation. — Absolute  alco¬ 
hol  or  10  per  cent  formalin.  Cut  frozen  sections. 

Method  oj  Staining. —  1.  Stain  sections  of  unfixed  or  of  fixed 
tissue  in  1  per  cent  aqueous  solution  of  crystal  violet  3  to  5  minutes. 

2.  Wash  in  a  1  per  cent  aqueous  solution  of  acetic  acid. 

3.  Wash  thoroughly  in  water  to  remove  all  trace  of  acid. 

4.  Examine  in  water  or  in  glycerin.  The  stain  will  keep  for 
some  time  if  the  sections  are  mounted  in  a  saturated  solution  of 
potassium  acetate  (about  200  percent)  or  in  levulose  (p.  123). 

Other  methods  are  to  stain  in  aniline  crystal  violet  (p.  89)  and 
to  wash  out  in  1  per  cent  hydrochloric  acid,  or  to  stain  in  a  strong 
solution  of  crystal  violet  to  which  acetic  acid  is  added,  and  to 
differentiate  in  water. 

Results. — The  amyloid  is  stained  violet-red,  the  tissue  blue.  The 
color  reaction  shows  best  when  the  light  for  the  microscope  is  taken 
from  a  white  cloud,  not  from  the  blue  sky. 

Iodine  Green  Stain  for  Amyloid. — Fixation. — Absolute  alco¬ 
hol  or  10  per  cent  formalin.  Fresh  unfixed  material  may  be  used 
also.  Cut  frozen  sections. 

Method  oj  Staining. —  1.  Stain  in  a  0.33  per  cent  aqueous  solution 
of  iodine  green  for  24  hours. 

2.  Wash  in  water. 

3.  Mount  in  water  or  glycerin. 

Results. — Amyloid  violet-red;  other  tissue  elements  green. 
Stilling  claims  that  the  reaction  is  surer  than  that  with  crystal 
\’iolet. 

Mayer’s  Stain  for  Amyloid. — Fixation. — Absolute  alcohol  or 
10  j)er  cent  formalin.  Embed  in  paraffin. 

Method  of  Staining. — 1.  Transfer  paraffin  sections  without  pre¬ 
vious  treatment  directly  from  the  knife  to  a  warmed  (40°  C.)  0.5 
per  cent  aqueous  solution  of  methyl  violet  (crystal  violet)  for  5  to 
10  minutes. 

2.  Wash  in  water  and  differentiate  in  a  1  per  cent  solution  of 
acetic  acid  for  10  to  15  minutes. 
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3.  Wash  thoi'ouj^hly  in  water. 

4.  Transfer  to  a  saturated  acjiieous  solution  of  ammonium  or 
potassium  alum  (about  l.S  per  cent)  diluted  one-half  with  water  and 
wash  in  water. 

5.  Transfer  sections  to  slide  and  allow  the  water  to  evaporate. 

().  Remove  paraffin,  clear  with  xylol  and  mount  in  balsam. 

Results. — Nuclei  blue;  amyloid  reddish  violet. 

5.  PIGMENTS 

I'he  various  pigments  found  in  the  human  body  under  normal 
and  pathological  conditions  are  commonly  divided  into  three 
groups:  (  1  )  hematogenous  pigments,  derived  from  the  coloring 
matter  of  the  blood;  (2)  autogenous  pigments,  formed  by  cells  from 
colorless  elements  of  nutrition;  and  (3)  exogenous  pigments,  intro¬ 
duced  into  the  body  from  without. 

(1)  Hematogenous  Pigments 

These  occur  in  a  considerable  variety.  Some,  such  as  hemo¬ 
globin.  contain  iron  but  it  is  too  intimately  bound  up  to  the  protein 
group  in  the  molecule  to  react  to  the  ordinary  tests.  From  the  path¬ 
ological  point  of  view  hemosiderin  is  the  most  important  of  these 
pigments,  which  are  listed  below  with  their  characteristics  and  stain¬ 
ing  reactions. 

la)  Hemoglobin  and  Methemoglobin. — Soluble  in  water  and 
in  dilute  alcohol.  They  occur  as  yellowish  to  yellowish  brown 
granules  and  droplets,  which  in  hemoglobinuria  may  be  compacted 
into  casts,  and  in  (he  fresh  condition  but  not  after  fixation  stain 
bright  red  on  treatment  with  potassium  hydroxide,  sodium  car¬ 
bonate  or  prussic  acid.  For  fixation  use  the  same  solutions  as  for 
the  preservation  of  red  blood  corpuscles,  namely  Zenker’s  fluid, 
formalin  or  corrosive  sublimate.  The  granules  will  stain  intensely 
with  eosin  or  phloxine. 

(h)  Parhemoglobin. — form  of  hemoglobin,  crystallizes  like 
it  but  is  insoluble  in  alcohol. 

(r)  Sulfmethemoglobin  (  Sulfiiemoglobin  ). — .4  greenish 
compound  of  sulfur  and  methemoglobin  to  which  the  greenish  color 
frequently  seen  in  the  abdominal  wall  of  cadavers  is  due.  It  may 
occur  in  the  blood  during  life  ( sulfhemoglobinemia ) .  The  diagnosis 
is  made  by  spectroscopic  examination  of  the  blood,  but  it  must  be 
distinguished  from  methemoglobin. 
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{d)  Hematin. — Occurs  as  an  aniorphous,  dark  brown  or  bluish 
black  material  in  old  extravasations  of  blood. 

(r)  Hemofuscin. — Light  yellow  granules  which  stain  intensely 
with  certain  aniline  dyes,  especially  basic  fuchsin  and  methylene 
blue.  They  do  not  give  the  iron  reaction,  are  insoluble  in  hydrogen 
peroxide,  are  found  in  the  liver  and  certain  other  tissues  in  hemo¬ 
chromatosis,  and  are  well  preserved  in  all  ordinary  fixatives. 

Mallory’s  Fuchsin  Stain  for  Hemofuscin. — Fixation. — 
Zenker's  fluid,  alcohol  or  10  per  cent  formalin.  Embed  in  paraffin 
or  celloidin. 

Method  of  Staining. — 1.  Stain  in  alum  hematoxylin  (p.  70) 
until  the  nuclei  stand  out  sharply  defined. 

2.  Wash  thoroughly  in  water. 

3.  Stain  for  5  to  20  minutes  in  the  following  solution: 

Fuchsin,  basic  0.5  gm. 

Alcohol,  95  per  cent  50  cc. 

Water,  distilled  50  cc. 

4.  Wash  in  water. 

5.  Differentiate  and  dehydrate  in  95  per  cent  followed  by  abso¬ 
lute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Celloidin  sections  are  cleared  in  terpineol  or  oil  of  origanum 
after  95  per  cent  alcohol. 

Results. — Nuclei  blue;  hemofuscin  granules  bright  red;  hemo¬ 
siderin  unstained.  The  stain  sharply  differentiates  the  granules  of 
hemofuscin  from  those  of  hemosiderin  but  no  other  claim  is  made 
for  it  except  that  it  does  not  stain  melanin. 

(7)  Malarial  Pigment  (Hematin,  According  to  W.  H.  Brown). 

- — A  black  pigment  occurring  as  granules.  It  is  formed  only  by  the 
action  of  the  malarial  parasites  living  on  or  in  the  red  blood  cor¬ 
puscles  and  can  be  distinguished  from  carbon  by  its  solubility  in 
concentrated  sulfuric  acid,  but  it  does  not  give  iron  reactions. 

(g)  Hemosiderin. — Occurs  as  bright  colored,  yellowish  brown 
to  brown  granules  and  masses.  It  is  insoluble  in  water,  alcohol, 
ether  and  alkalies,  but  is  soluble  in  acids.  It  docs  not  stain  with 
fat  stains  and  gives  reactions  for  iron  both  in  the  fre.sh  state  and 
after  fixation.  The  best  fixative  for  tissues  containing  hemosiderin  is 
alcohol,  the  alcohol-formalin  mixture  comes  next,  formalin  third 
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I  Ih'  formalin  iisc'd  slioiild  hi'  lu'ulral.  I*  ixal  conlainin^  chromi' 
sails  arc  ''('ncrally  adx  isi'd  aqaiiisl  and  yet  .uood  icsnlls  can  he  oh- 
lainod  alter  fixation  in  Zenker's  lluid.  1  Icmosiderin  tends  to  dilliise 
in  the  tissues  as  the  result  of  poslmorli'in  ehanyu'S.  lienee  it  is  im¬ 
portant  to  obtain  tissues  as  Iresh  as  possible  and  to  cut  them  into 
thin  slices  for  lixation. 

'I'here  are  two  diagnostic  chemical  reactions  commonly  usi'd  in 
histological  work  for  the  demonstration  of  iron  the  Berlin  blue 
method  and  the  Turnbull  blue  method  of  'rirmann  and  Schmelzer. 
The  latter  is  based  on  the  iron  sulfide  reaction  of  ()uincke.  In  the 
Berlin  blue  method  the  sections  are  treated  with  hydrochloric  acid 
and  potassium  ferrocyanide,  either  combined  or  used  separately. 
In  the  Turnbull  blue  method  the  sections  are  first  treated  with 
ammonium  sulfide,  which  converts  the  iron  compounds  into  iron 
sulfide,  and  then  with  an  acidulated  solution  of  potassium  fer- 
ricyanide  which  transforms  the  ferrous  sulfide  into  TurnbuH’s  blue. 
Tn  handling  frozen  and  celloidin  sections  it  is  necessary  to  use  glass 
or  platinum  needles  as  the  iron  solutions  cause  corrosion  of  ordinary 
metal  instruments. 

It  has  long  been  a  question  which  of  these  two  diagnostic  iron 
reactions  demonstrates  the  greatest  amount  of  iron  present  and 
which  gives  the  truest  picture.  As  a  rule  preference  has  been  given 
to  the  Turnbull  blue  method  of  Tirmann  and  Schmelzer  (  189S). 

Recently  (1936)  Gomori  has  studied  critically  the  various  iron 
reactions  and  reached  certain  definite  conclusions  which  seem  well 
substantiated.  The  first  and  most  important  one  is  that  the  best 
microchemical  reagent  for  iron  is  a  mixture  of  equal  parts  of  20  per 
cent  hydrochloric  acid  and  a  10  per  cent  solution  of  potassium 
ferrocyanide.  The  exposure  should  be  for  30  minutes.  The  tw'o 
solutions  should  be  freshly  prejuared  with  distilled  water  and  filtered. 
After  staining,  the  sections  should  be  washed  thoroughly  in  distilled 
water  and  then  counterstained  by  the  method  given  for  hemofuscin. 
The  results  obtained  by  this  method  are  clean-cut  and  all  that  could 
be  asked  for. 

One  of  the  numerous  modifications  of  the  original  Berlin  blue 
method,  however,  seems  worth  while  adding,  that  by  Biesegang,  as 
it  excludes  any  chance  of  iron  contained  in  the  acid  staining  the 
section.  Soak  the  section  for  5  minutes  or  longer  in  a  2  per  cent 
aqueous  solution  of  potassium  ferrocyanide  and  then  transfer  it  to  a 
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slide,  invert  it  over  a  sniall  dish  containing  a  few  drops  of  con¬ 
centrated  hydrocliloric  acid,  and  ex[)ose  it  to  the  vapor  for  30 
niinntes  or  longer.  Set  slide  and  dish  inside  of  a  larger  covered  dish 
to  prevent  evai)oration.  Wash  and  counterstain  with  Mallory’s 
fuchsin  stain  for  heniofuscin. 

Turnbull’s  Blue  Method  for  Hemosiderin  (1898). — Fixa¬ 
tion. — Absolute  alcohol  or  10  per  cent  formalin.  Embed  in  paraffin 
or  celloidin. 

Method  oj  Staining. —  1.  Transfer  sections  from  distilled  water 
into  a  saturated,  somewhat  yellowish  aqueous  solution  of  ammonium 
sulfide  (ammonium  sulfide  is  very  soluble  in  water)  for  1  to  24 
hours.  Personally  I  prefer  to  use  a  mixture  of  1  part  of  strong 
yellow  ammonium  sulfide  to  3  parts  of  95  per  cent  alcohol.  Use 
a  glass  staining  dish  with  tightly  fitting  cover  to  prevent  evapora¬ 
tion  of  the  ammonia.  The  alcohol  serves  two  purposes;  it  prevents 
paraffin  sections  from  dissolving  off  the  slide,  and  protects  celloidin 
sections  from  wrinkling. 

2.  Wash  thoroughly  in  distilled  water. 

3.  Transfer  to  a  freshly  prepared  mixture  of  equal  parts  of  1 
per  cent  hydrochloric  acid  and  20  per  cent  solution  of  potassium 
ferricyanide  for  10  to  20  minutes  to  convert  the  ferrosulfide  which 
is  formed  into  Turnbull’s  blue. 

4.  Wash  thoroughly  in  distilled  water. 

5.  Counterstain  in  a  0.5  per  cent  solution  of  basic  fuchsin  in 
50  per  cent  alcohol  for  5  to  20  minutes. 

The  counterstains  ordinarily  used  on  sections  after  the  iron 
reaction  to  bring  out  the  nuclei  are  paracarmine  ( p.  79)  and 
Kernechtrot.  Lithium  carmine  should  not  be  used  because  of  the 
injurious  effect  of  the  alkali  on  the  iron  stain.  I  can  strongly  recom¬ 
mend  basic  fuchsin.  It  not  only  stains  the  nuclei  sharply  but  also 
the  heniofuscin  granules  sometimes  present,  especially  in  pigment 
cirrhosis. 

6.  Wash  off  in  water. 

7.  Differentiate  and  dehydrate  in  95  per  cent  followed  by  abso¬ 
lute  alcohol. 

8.  Clear  in  xylol  and  mount  in  balsam. 

Clear  celloidin  sections  in  terpineol  or  in  oil  of  origanum  after 
95  per  cent  alcohol. 
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l\rsn/ts.  Xuclei  and  lu'inofuscin  jjjranuU's  bright  real;  honio- 
sidcrin.  blue. 

The  specific  stains  witli  lieilin  blue  and  'I'lirnbuH’s  blue  are  not 
permanent,  d'hey  soon  fade,  often  within  a  few  months,  sometimes 
within  a  few  weeks.  The  same  is  true  of  the  iron  sull'ide  reaction. 
The  fading  invariably  starts  in  the  cimter  and  sjireads  peripherally. 
The  color  can  be  restored  (|uickly  by  (‘xposing  the  section  to  air  or, 
even  better,  to  a  dilute  hydrogen  pero.xide  solution.  According  to 
Oomdri  the  decolorization  is  due  to  reduction.  The  Canada  balsam 
takes  up  the  oxygen  and  reduces  the  stains  to  colorless  compounds. 
Therefore,  he  advises  the  use  of  a  mounting  medium  rich  in  oxygen. 
The  best  he  could  devise  was  almost  dry  Canada  balsam  dilnterl 
with  old  oxidized  oil  of  turpentine  to  a  thick  syrup-like  consistence. 

.Although  not  ordinarily  used  for  that  purpose,  hematoxylin  is 
probably  the  most  delicate  of  all  stains  for  iron;  unfortunately  it  is 
not  specific.  It  is  equal,  however,  to  Quincke’s  iron  sulfide  test  in 
the  sharp  picture  it  gives  and  has  the  great  advantage  over  it  that 
it  is  permanent.  The  stain  is  of  great  value  in  the  study  of  pigment 
cirrhosis  because  only  two  metals  are  present,  iron  and  copper,  and 
it  distinguishes  between  them  by  the  color  reactions,  iron  brownish 
black  to  black  and  copper  clear  blue.  The  stain  is  also  useful  for 
microphotographic  purposes. 

Mallory’s  Hematoxylin  Stain  for  Iron  and  for  Copper.-  - 
Fixation. — Absolute  or  95  per  cent  alcohol.  After  formalin  fixation 
the  iron  stains  only  yellow  to  brown.  Embed  in  paraffin  or  celloidin. 

Staiiiinf^  Solution. — T)is.solve  5  to  10  mg.  of  hematoxylin  in  a 
few  drops  of  95  per  cent  or  absolute  alcohol  and  add  to  it  10  cc.  of 
freshly  boiled  distilled  water.  Boiling  for  5  minutes  is  sufficient  to 
drive  off  the  contained  carbon  dioxide  and  render  the  water  neutral. 

Method  of  Stainini^. — 1.  Stain  .sections  in  the  hematoxylin  solu¬ 
tion  for  1  hour  or  longer. 

2.  Wash  in  several  changes  of  tap  water  for  1  hour. 

3.  Dehydrate  in  95  per  cent  anrl  ab.solute  alcohol. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Clear  celloidin  sections  in  terpineol  or  in  oil  of  origanum  after 
95  per  cent  alcohol. 

Fe.sults. — Xuclei  bluish  gray;  hemosiderin  intense  black;  cop- 
|)er  light  to  dark  clear  blue. 

Stain  for  Gross  Specimens  Containing-  Hemosiderin.  The 
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I)otassium  fcrrocyanide  and  hydrochloric  acid  reaction  can  easily  be 
applied  to  slices  of  tissue  in  the  fresh  condition  for  diagnostic  pur¬ 
poses  or  after  fixation  to  make  attractive  and  instructive  prepara¬ 
tions  for  use  in  teaching  or  for  preservation  in  a  medical  museum 

Method  oj  Staining. —  1.  Fix  large  slices  of  liver  and  other  organs 
containing  iron  in  Kaiserling’s  or  Jores’  Solution  No.  I  (pp.  380, 
381 )  for  several  days 

2.  Wash  thoroughly  in  running  water  for  24  hours. 

3.  Preserve  in  80  per  cent  alcohol. 

4.  Cut  into  thin  slices  so  as  to  obtain  perfectly  smooth  surfaces 

5.  Place  the  slices  to  be  stained  in  a  freshly  prepared  solution 
of  equal  parts  of  20  per  cent  hydrochloric  acid  and  10  per  cent 
aqueous  solution  of  potassium  ferrocyanide  for  15  to  30  minutes, 
moving  them  about  frequently. 

6.  Wash  in  running  water  for  24  hours  or  longer  to  remove  all 
trace  of  chemicals. 

7.  Preserve  and  mount  in  80  per  cent  alcohol  (not  in  Kaiser¬ 
ling’s  Solution  No.  Ill,  which  causes  the  blue  color  to  diffuse)  with 
unstained  slices  of  the  same  specimens  for  contrast. 

Results. — Hemosiderin  blue. 

(h)  Hematoidin  (Bilirubin  its  Isomer). — Occurs  as  orange 
colored  or  red  rhombic  plates,  or  as  radiating  bunches  of  yellow 
needles,  contains  no  iron,  is  insoluble  in  water,  ether,  and  nearly  so 
in  alcohol,  but  dissolves  in  chloroform.  It  is  found  in  old  hemor¬ 
rhages,  especially  in  infarcts  of  the  spleen  and  brain. 

(/)  Bile  Pigment  (  Bilirubin-Hem.vtoidin  ). — Insoluble  in 
water  or  ether  and  nearly  so  in  alcohol.  It  occurs  as  yellowish 
granules  and  masses,  and  by  oxidation  is  converted  into  the  green 
biliverdin  (this  reaction  takes  place  also  when  tissues  containing 
bile  are  fixed  in  solutions  containing  potassium  bichromate).  Bile 
pigment  on  the  addition  of  nitric  acid  containing  a  trace  of  nitrous 
acid  gives  a  succession  of  colors,  green,  red,  then  blue,  which  can 
be  observed  with  the  microscope  (Gmelin’s  test). 

('])  Hematoporpiiyrin  (  Hematin  Minus  Iron). — Traces  of  it 
appear  normally  in  the  urine  but  the  amount  may  be  much  increased 
in  certain  diseases  and  then  may  color  the  urine  Burgundy  red.  It 
is  decomi^osed  by  concentrated  sulfuric  or  nitric  acid,  with  the  same 
color  reaction  (green,  red,  blue)  as  bile  jiigment,  but  it  is  not  soluble 
in  dilute  acids  or  alkalies,  and  does  not  bleach. 
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(2  I  Autcx’.enous  Pkiments 

rile  iiignieiUs  produced  in  (he  body,  aside  from  (hose  of  hem- 
a(ogenous  origin,  are  groniied  under  (he  (erms  waste  pigments  and 
melanin.  Melanin  occurs  normally  in  hair  and  in  the  deeper  layers 
of  the  epidermis  (most  abundantly  in  ])eo[ile  of  dark  com[)lexion ) , 
and  in  the  mclano[)hores  of  the  corinm  and  pia,  and  in  the  eye. 

Pathologically,  melanin  is  [iresent  abundantly  in  the  melano- 
blasts  and  melano[ihores,  forming  freckles  and  pigmented  nevi.  The 
tumors  arising  from  the  pigment-forming  cells  are  known  as  melano- 
blastomas.  When  the  tumor  growth  is  very  extensive  the  [ligment 
may  be  excreted  in  the  urine,  usually  in  the  form  of  melanogen.  In 
Addison's  disease,  which  results  from  destruction  of  the  adrenal 
glands,  usually  by  tuberculosis,  the  deposit  of  melanin  is  greatly 
increased  in  the  epidermis,  liver,  heart  and  brain. 

Melanin  is  a  dark  brown  amorphous  substance  of  great  coloring 
power  which  occurs  in  cells  as  brown  to  black  granules.  It  con¬ 
tains  no  iron  or  fat  and  does  not  react  to  the  iron  tests  but  is  tinged 
slightly  by  the  dyes  used  in  fat  stains,  such  as  scarlet  red  and  Nile 
blue  sulfate.  It  is  insoluble  in  ordinary  reagents  except  alkalies  and 
is  very  slowly  bleached  by  sunlight  and  by  oxidizing  agents  such  as 
hydrogen  peroxide  and  ferric  chloride.  It  is  stained  black  by  the 
silver  nitrate  methods  of  Bielschowsky  and  Levaditi. 

(3j  Exogenous  Pigments 

\’arious  substances  gain  entrance  to  the  body  and  are  deposited 
there  as  pigments.  The  most  important  of  these  are  carotene,  carbon 
and  silver. 

(a)  C.arotene. — The  principal  one  of  the  carotenoids  is  an 
orange-yellow  jiigment  derived  from  carrots,  squash  and  certain 
other  vegetables.  It  is  easily  decolorized  by  the  action  of  strong 
sunlight  and  by  oxidizing  agents  such  as  hydrogen  peroxide  and 
ferric  chloride,  and  does  not  stain  by  the  silver  nitrate  methods.  It 
is  readily  .soluble  in  fats  and  fat  solvents  and  is,  therefore,  on  account 
of  this  latter  property  easily  extracted  from  tissues  by  the  action 
of  alcohol,  ether  or  chloroform.  The  yellow  color  of  fats  in  the 
human  body  is  due  to  it.  If  it  is  ingested  in  too  large  (juantities  it 
may  color  yellow  the  skin  of  infants  or  the  conjunctivae  of  adults, 
suggesting  jaundice. 
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CaioleiH'  exists  in  the  carrot  in  granular  form.  It  does  not  stain 
with  Nile  blue  sulfate.  In  the  human  body  carotene  is  always  dis¬ 
solved  in  fat  which  in  consequence  is  colored  by  it.  Hence,  Nile 
blue  sulfate  is  often  used  to  differentiate  this  stained  fat  from  waste 
pigment  present  in  brown  atrophy  of  the  liver  and  heart.  The  im¬ 
portant  point  to  realize  is  that  the  Nile  blue  sulfate  dye  stains  the 
fat  but  not  the  pigment. 

Fat  colored  with  carotene  (lipochrome)  often  occurs  in  the  same 
cells  (liver,  heart  )  with  waste  pigment  and  occasionally  with  hemo¬ 
siderin;  hence  confusion  arises  if  differential  stains  are  not  properly 
carried  out  and  the  results  correctly  interpreted. 

If  fixed  tissues,  in  order  to  be  embedded,  are  passed  through 
alcohol,  ether,  chloroform,  and  so  on,  only  hemosiderin,  hemofuscin, 
melanin  and  waste  pigment  persist.  The  carotene  is  dissolved  out 
with  the  fat;  hence  it  must  be  studied  in  the  unfixed  state  or  in 
frozen  sections  of  tissues  preserved  in  formalin. 

(b)  Carbon. — Occurs  commonly  and  most  abundantly  in  the 
lungs  and  peribronchial  lymph  nodes  but  is  sometimes  transplanted 
to  the  spleen  and  liver  where  its  recognition  occasionally  is  im¬ 
portant.  It  must  be  distinguished  from  malarial  pigment,  from 
hemoglobin-formalin  precipitate,  and  possibly  from  iron.  Its  dis¬ 
tinguishing  characteristics  are  its  black  color  and  its  insolubility  in 
concentrated  sulfuric  acid  in  which  all  other  pigments  dissolve. 

(c)  Silver. — Appears  brown  to  black,  is  turned  black  by 
ammonium  sulfide,  and  is  removed  by  a  mixture  of  potassium 
ferricyanide  and  sodium  thiosulfate,  or  by  Weigert’s  borax-potas¬ 
sium  ferricyanide  differentiating  fluid.  As  a  result  of  treatment  ther¬ 
apeutically  with  silver  nitrate,  silver  may  be  deposited  in  the  skin, 
intestine,  spleen,  kidney,  and  so  on,  or  in  the  kidney  alone,  as  the 
result  of  injection  of  argyrol  into  the  pelvis  of  the  kidney. 

6.  INORGANIC  SUBSTANCES 
(1)  Iron 

To  demonstrate  iron  in  tissues  the  most  commonly  used  micro¬ 
chemical  method  is  the  Turnbull  blue  method  as  given  by  Tirmann 
and  Schmelzer  (p.  138). 

Iron  can  be  removed  from  tissues  by  a  5  per  cent  solution  of 
oxalic  acid  acting  for  1  hour  or  more. 
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(2)  Lead 

Mallory’s  Hematoxylin  Test  for  Lead.  -Load  in  tissues  is 
stained  bluish  gray  to  black  by  freshly  prepared,  lainlly  alkaline 
solutions  of  hematoxylin.  As  soon  as  the  hematoxylin  in  a  solution 
ripens  (minutes  to  hours),  it  colors  the  lead  brownish  and  is  use¬ 
less  for  test  purposes.  Alcohol  slows  up  considerably  th(‘  jirocess 
of  ripening  in  alkaline  solutions  for  example,  those  containing 
ammonium  hydroxide,  lithium  carbonate  or  sodium  bicarbonate. 
The  most  satisfactory  solution  for  test  purposes  yet  discovered  is 
that  made  with  calcium  carbonate. 

Fixation. — Absolute  alcohol  or  10  per  cent  formalin.  Embed  in 
celloidin  or  paraffin. 

Sfainiiif^  Solution . —  Dissolve  5  to  10  mg.  of  hematoxylin  in  a  few 
drops  of  absolute  or  95  per  cent  alcohol.  Add  10  cc.  of  a  saturated 
aqueous  solution  of  calcium  carbonate  (about  0.146  percent). 

Method  oj  Staining!;. — 1.  Stain  sections  in  the  hematoxylin  solu¬ 
tion  for  2  to  3  hours  in  the  paraffin  oven  at  a  temperature  of  about 
54°  C. 

2.  Wash  sections  in  several  changes  of  tap  water  for  10  to  20 
minutes. 

3.  Dehydrate  in  95  per  cent  alcohol. 

4.  Clear  in  terpineol  and  mount  in  terpineol  balsam. 

Fresh  neutral  balsam  fades  the  stain  slightly,  giving  it  a  grayish 
tint,  and  old  xylol  balsam  turns  it  brown  at  once;  hence  the  method 
advised  above. 

Rrsi{lts. — Lead  in  tissues  stains  bluish  gray  to  black. 

(3)  Calcium 

Calcification,  the  more  common  form  of  petrifaction,  is  the  term 
applied  to  the  infiltration  of  tissues  with  calcium  phosphate  and  cal¬ 
cium  carbonate.  The  salts  appear  microscopically  as  small,  very 
refractive  granules  which  may  be  mistaken  for  fat,  or  as  large 
masses  formed  by  the  fusion  of  granules.  They  are  dissolved  by 
hydrochloric  or  nitric  acid  (5  per  cent  solution).  Tf  calcium  car¬ 
bonate  is  present  bubbles  of  carbon  dioxide  are  set  free.  Calcium 
phosphate  dissolves  without  effervescence.  To  differentiate  between 
lime  salts  and  other  substances  soluble  in  hydrochloric  acid  use  con¬ 
centrated  sulfuric  acid  to  form  lime  sulfate  (gyi)sum),  which  ap¬ 
pears  as  fine,  short  radiating  needles.  On  dissolving  out  the  lime 
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salts  a  matrix  of  dead  tissue  or  of  hyalin  will  usually  be  found  left 
behind.  As  a  rule  this  hyaline  material  is  colored  deep  blue  in  alum 
hematoxylin  or  red  in  van  Gieson’s  stain. 

The  deposits  of  calcium  salts  themselves  also  stain  with  hem¬ 
atoxylin,  so  that  this  dye  can  be  used  to  demonstrate  the  masses  and 
coarser  granules  of  them.  The  tissue  must,  however,  first  be  freed 
of  certain  iron  combinations,  which  are  often  associated  with  de¬ 
posits  of  lime  and  also  stain  with  the  hematoxylin. 

Kossa  has  shown  that  calcium  phosphate  can  be  demonstrated 
by  means  of  silver  nitrate,  which  forms  silver  phosphate  on  the 
surface  of  the  granules  and  blackens  in  the  presence  of  light.  It 
gives  an  exaggerated  picture  of  the  amount  of  lime  salts  present. 
Klotz  has  shown  that  the  silver  nitrate  acting  for  many  hours  affects 
calcium  carbonate  also;  the  granules  become  coated  with  silver  car¬ 
bonate,  which  in  sunlight  gives  off  carbon  dioxide,  leaving  the  black 
silver  oxide.  This  process  can  be  hastened  by  putting  the  sections, 
after  staining  and  thorough  washing,  into  a  dilute  soluble  sulfide. 

Kdssa’s  Silver  Nitrate  Method  for  Staining  Calcium  ( 1901 ) . 
— Fixation. — Fix  tissues  in  80  to  95  per  cent  alcohol.  Cut  frozen 
sections  of  non-decalcified  or  not  completely  decalcified  material, 
or  embed  in  paraffin. 

Method  oj  Staining. —  1.  Rinse  sections  in  distilled  water. 

2.  Place  in  a  5  per  cent  aqueous  solution  of  silver  nitrate  for 
10  to  60  minutes  and  expose  to  strong  light. 

3.  Wash  thoroughly  in  distilled  water. 

4.  Reduce  for  a  few  minutes  in  a  5  per  cent  solution  of  sodium 
thiosulfate  to  remove  excess  of  silver  nitrate. 

5.  Wash  thoroughly  in  distilled  water. 

6.  Counterstain  in  safranine  (p.  90)  or  carmalum  (p.  78). 

7.  Dehydrate  in  95  per  cent  and  absolute  alcohol. 

8.  Clear  in  xylol  and  mount  in  balsam. 

Results. — The  calcium  is  stained  a  deep  black  where  it  occurs 
in  masses.  Finely  dispersed  granules  do  not  stain  deeply.  Nuclei 
are  red. 

Gomori’s  Silver  Nitrate  Stain  for  Insoluble  Lime  Salts 
(1933).-  The  principle  of  this  method  is  to  stain  the  lime  salts  in 
blocks  of  fixed  tissue,  before  decalcification  and  sectioning,  by 
means  of  silver  nitrate  and  then  to  decalcify,  embed  and  stain  by 
routine  methods. 
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I'ixatio)!. — Cut  or  saw  (liin  blocks  ol  Ircsh  tissue  1  to  2  inm. 
thick  and  tix  in  SO  to  05  pt'r  cent  alcohol  tor  2  to  4  days.  1  he 
dilution  of  alcohol  must  be  made'  with  distilled  wati'f.  Tissues  may 
also  be  fixed  by  boiling  in  a  2  per  cent  potassium  nitrate  or  a  5 
l)er  cent  alum  solution  in  20  per  cent  alcohol  for  5  minutes. 

Method  oj  Stainhi!^.-  1.  Wash  tissues  in  distilled  water  for  3 
to  4  hours. 

2.  Impregnate  in  1.5  per  cent  aejneons  solution  of  silver  nitrate 
for  6  to  10  days  at  room  temperature,  (diange  silver  solution  once 
r)r  twice. 

3.  Wash  for  3  to  4  days  in  distilled  water,  changed  daily  4  or  5 
times,  until  the  last  waishing  water  decanted  does  not  show  the 
slightest  turbidity  when  mixed  with  hydrochloric  acid. 

4.  Reduce  in  a  5  j^er  cent  aqueous  solution  of  sodium  thiosul¬ 
fate.  Before  use  add  4  to  5  drops  of  a  N/10  sodium  hydroxide  solu¬ 
tion  to  each  100  cc.  of  the  reducer.  Keep  blocks  in  reducer  for  4 
to  S  days. 

5.  Wash  in  running  water  for  3  to  4  hours. 

6.  Fix  in  a  3  to  5  per  cent  aqueous  solution  of  sodium  thio¬ 
sulfate  for  2  days. 

7.  Wash  in  running  water  for  at  least  24  hours. 

S.  Decalcify  in  a  6  to  8  per  cent  aqueous  solution  of  sulfo- 
salicylic  acid  for  1  to  3  days,  according  to  the  thickness  or  the  hard¬ 
ness  of  the  blocks.  Change  the  acid  solution  once  or  twice. 

9.  Wash  in  running  w'ater  for  at  least  24  hours. 

10.  Embed  and  cut  sections  by  routine  methods. 

11.  Stain  as  desired. 

Results. — Calcium  is  stained  black. 

Alum  Hematoxylin  Method  for  Staining  Sodium  Urate 
Crystals.- --.\nother  form  of  petrifaction  is  that  found  in  gout,  due 
to  the  infiltration  of  certain  tissues  with  uric  acid  salts,  of  which 
sodium  urate  is  the  most  common.  The  crystals  are  soluble  with 
difficulty  in  cold  water,  insoluble  in  alcohol  and  ether. 

Ri.xutioii. — Alcohol,  95  per  cent  or  absolute.  Embed  tissues  in 
celloidin. 

.Me  thod  oj  Staiuhig. —  1.  Stain  sections  quickly  in  a  cold  solution 
of  alum  hematoxylin  (p.  70). 

2.  Wash  (|uickly  in  cold  water. 

3.  Dehydrate  in  95  per  cent  alcohol. 
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/\r.s7///5.  -Sodium  urate  crystals  and  nuclei  are  stained  a  deep 
blue. 

The  Schiiltz-Schmidt  Stain  for  Monosodium  Urate  ( 1931). 
fixation.  Idx  in  absolute  alcohol.  Place  thin  slices  of  tissue  in 
acetone  for  4  to  5  hours,  changing  the  acetone  3  times.  Instead  of 
embedding  diiectly  in  paraffin  it  is  better  to  place  the  tissue  for 
h-  hour  in  a  mixture  of  equal  parts  of  acetone  and  of  benzol,  and 
then  for  ’  -  to  1  hour  in  benzol.  Embed  in  paraffin. 

Staining  Solution. — 


Carmine  Solution 


Carmine 

Ammonium  chloride 
Lithium  carbonate 
Water,  distilled 


gm. 


2  gm. 
0.5  gm. 
50  cc. 


Boil  and  after  cooling  add: 

.\mmonia  water,  26-28  per  cent 


20  cc. 


tor  staining  add  10  3  cc.  of  the  filtered  carmine  solution  1.5  cc. 
ammonia  water  and  2.5  cc.  methyl  alcohol. 

Method  oj  Staining. —  1.  Remove  paraffin  with  xylol  and  place 
sections  in  absolute  alcohol. 

2.  Without  washing  in  water  stain  in  the  carmine  solution  for 
5  minutes  keeping  the  slide  in  motion. 

3.  Rinse  in  several  changes  of  absolute  alcohol. 

4.  Stain  for  30  seconds  in  a  saturated  solution  of  methylene  blue 
in  95  per  cent  alcohol  (about  1.48  per  cent)  diluted  one-half  with 
absolute  alcohol,  keeping  the  slide  in  motion. 

5.  Rinse  in  absolute  alcohol. 

6.  Stain  about  15  seconds  in  the  following  filtered  mixture  : 
saturated  aqueous  solution  of  picric  acid  (about  1.22  per  cent)  9 
cc.,  and  aqueous  sodium  sulfate  solution,  saturated  by  heat  (about 
42.7  per  cent),  1  cc.  Keep  the  slide  in  motion. 

7.  Dehydrate  in  several  changes  of  absolute  alcohol. 

8.  Cdear  in  xylol  and  mount  in  balsam. 

Ri'.snlts.^  Nuclei  gray-blue;  cytoplasm  yellowish;  monosodium 
urate  brilliant  green;  crystalline  uric  acid  deep  blue-green, 
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7.  ORGANIC  SUBSTANCES  i  THYMONUCLEIC  ACID  i 

Feulgen’s  Stain  for  Thymonucleic  Acid  (1024).  l-'pulgcn 
has  devised  a  staining  method  lor  thymonuel(‘ie  acid,  a  constituent 
ot  the  chi'omatin  ol  nuclei  and  occui'ring  tliere  (Uily.  Fhe  stain  is 
tlieretore  specilic  tor  nuclei.  'The  principle  of  the  method  depends 
on  removing  the  purine  bodies  trom  combination  with  nucleic  acid 
b\  means  of  a  mild  acid  hydrolysis,  d'his  process  sets  free  reducing 
aldehyde  grou])s  which  unite  with  fuchsin-sulfurtjus  acid  to  giv'e  an 
intense  reddish  violet  color  (Schiff’s  reaction  for  aldehydes).  The 
method  thus  permits  the  recognition  ot  thymonucleic  acid. 

hixation.  beulgen  employed  a  corrosive  sublimate  solution: 

Corrosive  sublimate,  6  per  cent  aqueous 
solution 

Acetic  acid,  glacial 


98  parts 
2  parts 


This  fixative  causes  swelling  and  vacuolation  of  the  chromatin. 
I'herefore,  Bauer  recommends  as  preferable  fixatives,  Champy’s 
solution,  Flemming’s  lluid  without  acetic  acid,  Zenker’s  or  Helly’s 
fluids  and  several  others.  I  he  embedding  is  done  preferably  in 
parafiin.  Sections  are  cut  10  m  thick  and  are  attached  to  the  slide 
with  albumin-glycerin.  The  paraffin  is  removed  with  xylol,  fol¬ 
lowed  by  absolute  alcohol.  Leave  sections  in  95  per  cent  alcohol 
lor  24  hours  to  remove  the  plasmals. 

Soliit/uiis. — 

^  0)  }>ial  H ydrochloric  Acid. — Add  82.5  cc.  of  concentrated 
hydrochloric  acid  with  a  specific  gravity  of  1.19  to  distilled  water 
to  make  up  a  volume  of  1000  cc. 

f' ui  Iisi)i-Sidj urous  Acid. — Add  1  gm.  of  powdered  basic  fuch- 
sin  to  200  cc.  of  boiling  water  in  an  Erlenmeyer  flask  and  agitate 
frequently  lor  5  minutes  to  dissolve  it.  After  cooling  to  50°  C 
filter  and  add  20  cc.  of  normal  hydrochloric  acid.  Cool  further  to 
25  C.  and  add  1  gm.  of  anhydrous  sodium  sulfite.  Let  the  solution 
stand  at  room  temiierature  for  at  least  24  hours  while  the  lluid  be¬ 
comes  decolorized  to  a  ixile  yellow.  It  will  keep  a  long  time  in  the 
daik  il  well  corked.  It  must  always  contain  a  certtiin  excess  of 
sulfurou.^  acid  to  prevent  decomposition  which  is  shown  by  its  be¬ 
coming  reddish. 

Sidli/r<jn.s  Acid  U'atcr  for  ]\’as/iini^  Scctioics. — To  200  cc.  of 
tap  water  add  10  cc.  of  a  10  per  cent  aqueous  solution  of  anhydrous 


148 


I’A'1'1  K ) I ,(){ : I CA 1 ,  I'A  1  rx  1  (,)(’ E 


sodium  bisulfite  and  10  cc.  of  tlie  normal  hydrochloric  acid  solution. 
The  mixture  must  be  made  up  fresh  as  needed.  It  smells  stron^^ly 
of  sulfur  dioxide.  The  10  [ler  cent  solution  of  sodium  bisulfite  can 
be  kept  on  hand  if  it  is  well  corked. 

Method. —  1.  Hydrolysis  is  carried  out  by  removing  sections 
from  water  and  placing  them  in  a  warm  normal  hydrochloric  acid 
solution  at  60°  C.  for  4  minutes.  The  temperature  can  be  kept 
most  constant  by  placing  a  beaker  containing  the  sections  in  a  water 
bath.  Exact  temperature  and  time  are  very  important. 

2.  Dip  the  section  in  water  and  wash  out  the  acid  rather  quickly. 

3.  Place  the  section  in  fuchsin-sulfurous  acid  for  1  to  114  hours 
in  a  glass-covered  staining  dish.  As  soon  as  the  solution  turns  red¬ 
dish  it  must  be  renewed. 

4.  Wash  in  sulfurous  acid  water  3  times,  for  2  minutes  in  each, 
in  3  different  beakers. 

5.  Wash  in  tap  water  5  to  10  minutes. 

6.  Dehydrate  in  95  per  cent  and  absolute  alcohol. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Rcsidts. — The  thymonucleic  acid-containing  substances  stain  in¬ 
tensely  red-violet. 

8.  FERMENTS 

For  the  demonstration  of  the  presence  of  oxidizing  ferments  in 
leukocytes  and  other  cells  several  methods  have  been  devised. 
Directions  for  carrying  out  these  reactions  are  given  in  the  sections 
on  blood,  bone  marrow  and  skin: 

(  1)  Oxidase  reaction,  pages  185-187  and  199-200. 

(2)  Peroxidase  reaction,  pages  188  and  200-202. 

(3)  Dopa  reaction,  pages  188-189  and  260-262. 

9.  DEGENERATION  AND  NECROSIS 
(,1)  Cloudy  Swelling 

Cloudy  swelling  is  a  term  applied  to  a  condition,  evident  on  gross 
examination,  which  is  found  postmortem  in  the  liv'er,  kidneys  and 
heart  in  acute  febrile  diseases.  It  is  characterized  by  increase  in 
size  of  the  organs  and  an  appearance  as  though  the  tissue  had  been 
dipped  into  boiling  water.  It  is  due  to  increase  of  tluid  and  to 
changes  in  the  mitochondria  of  the  liver  and  kidneys  and  in  the 
myofibrils  of  the  heart  muscle.  Hydrops  of  the  liver  is  common 
for  example  in  lobar  pneumonia;  vacuoles  appear  in  the  cells  and 
contain  a  single  ball  or  threads  or  even  networks  of  librin.  In  the 
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kidneys  hyaline'  droj^lels  ol  various  sizes  are  formed.  Fal  may 
appear  in  addition  in  all  three  organs  and  is  recognized  in  the  fresh 
condition  by  not  disappearing  on  the  addition  of  acetic  acid.  Tn 
fornialin-tixed  tissue  it  may  be  demonstrated  by  staining  with  scar¬ 
let  red. 

Cloudy  swelling  may  be  studied  after  various  fixatives  and  the 
usual  routine  stains  but  special  study  demands  fixation  and  staining 
for  mitochondria  and  fibrin  and,  in  the  heart,  for  the  myofibrils. 

(2)  Necrosis 

Necrosis  in  tissues  is  generally  recognized  b}^  two  features: 
either  by  the  disai)pearance  of  the  nuclei,  although  the  cell  outlines 
may  be  visible,  so  that  the  staining  of  the  nuclei  is  no  longer  pos¬ 
sible;  or  by  the  presence  of  irregular,  larger  or  smaller  masses,  due 
to  a  fragmentation  or  breaking  up  of  the  chromatin,  which  stain  in¬ 
tensely  with  nuclear  stains.  The  disappearance  of  the  nucleus  is 
not  synchronous  with  the  death  of  the  cell,  but  begins  some  24 
hours  later,  so  that  it  is  really  evidence  of  changes  following  necrosis. 
It  follows  from  the  above  that  the  microscopic  evidence  of  necrosis 
is  best  studied  in  sections  of  tissues  fixed  in  fiuids  which  favor 
nuclear  staining,  such  as  Zenker’s  fluid,  formalin  and  others.  Teased 
preparations  and  frozen  sections  of  fresh  tissue  are  much  less  useful. 

For  the  study  of  sections  the  stains  with  alum  hematoxylin  and 
phloxine  or  eosin,  or,  still  better  with  phloxine  followed  by  an  alka¬ 
line  methylene  blue  solution  after  Zenker’s  fixation,  are  very  useful 
for  the  reason  that  the  necrotic  areas  usually  stain  rather  deeply 
with  the  diffuse  stain  and  are  thereby  brought  out  sharply.  This  is 
particularly  true  of  necroses  of  the  liver. 

For  rendering  fragmented  nuclei  prominent  the  staining  methods 
for  mitosis  are  best.  A  basic  fuchsin  stain  washed  out  by  picric  acid 
in  the  alcohol  will  often  give  excellent  results. 

(3 1  Caseation 

Caseation  is  a  tissue  change  following  local  necrosis.  IMacro- 
scopically  and  micrijscopically  it  appears  as  coarsely  or  finely  granu¬ 
lar  masses  which  have  more  or  less  completely  lost  the  original 
tissue  structure.  The  chemical  changes  which  have  taken  place 
have  not  been  studied.  Fibrin  may  or  may  not  be  present.  Caseous 
tissue  possesses  no  peculiar  staining  reactions.  Fragmented  nuclei 
are  frequently  [ire.sent  in  it,  especially  in  the  iieripheries  of  the  areas. 


CHAPTER  XII 


SPECIAL  CELLS  AND  TISSUES 
1.  Epithelium 

This  term  includes  a  great  variety  of  cells  of  ectodermal,  meso¬ 
dermal  and  entodermal  origin,  which  cover  surfaces,  line  glands, 
ducts  and  tubes,  and  form  more  or  less  solid  organs.  They  are  of 
many  different  shapes  and  perform  a  great  number  of  functions. 
Many  produce  characteristic  secretions,  some  of  which  are  external 
and  others  internal.  Some  of  the  cells  contain  granules  with  selec¬ 
tive  staining  reactions,  while  others  are  provided  with  cilia,  prickles 
or  fibrils. 

Epithelial  cells  can  be  studied  in  the  fresh  state  in  scrapings  or 
teased  preparations  but  the  pathologist  usually  prefers  sections 
made  from  unfixed  or  formalin-fixed  material,  or  paraffin  or  cel- 
loidin  sections  of  tissues  fixed  in  Zenker’s  fluid  or  other  reagents  and 
stained  in  various  ways. 

The  best  fixatives  and  stains  will  be  taken  up  in  detail  under  the 
different  tissues  and  organs  where  these  cells  occur. 

2.  Connective  Tissue 

(I)  THE  FIBROBLAST 

The  fibroblast  is  the  most  versatile  cell  in  the  body.  It  gives 
rise  to  all  types  of  connective  tissue  and  to  cartilage  and  bone.  It 
produces  fibroglia  fibrils  in  the  cuticle  of  its  cytoplasm  and  in  addi¬ 
tion  various  intercellular  structures,  such  as  collagenous  and  elastic 
fibrils,  mucus,  and,  under  certain  conditions,  the  ground  substances 
of  cartilage  and  bone.  Under  pathological  conditions  it  may  pro¬ 
duce  amyloid.  These  different  structures  call  for  a  great  variety  of 
differential  methods  in  order  to  demonstrate  them  satisfactorily. 

(2)  FIBROGLIA  FIBRILS 

Fibroglia  fibrils  are  intimately  connected  with  the  cytoplasm  of 
the  fibroblast,  running  over  its  surface  and  extending  out  along  its 
processes.  They  are  very  delicate,  straight  or  slightly  curved,  run 
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in  parallel  linos,  and  aro  doriniloly  so|)aratod  froin  one  another. 
'I'hoy  soeni  to  pass  from  cell  to  cell,  thus  aiding  to  form  a  syncytium. 

h'ibrottlia  fibrils  are  most  evident  when  fibroblasts  are  multi¬ 
plying.  as  in  granulation  tissue,  in  the  organization  of  fibrin,  in  the 
stroma  of  carcinomas,  and  in  fibrostircomas  if  the  latter  are  not 
growing  too  rapidly.  In  order  to  demonstrate  them  the  tissue  must 
be  absolutely  fresh,  that  is,  removed  surgically  and  {)laced  im¬ 
mediately  in  a  suitable  fi.xative  because  the  fibrils  quickly  lose  their 
characteristic  staining  [)roperties  postmortem. 

Two  routine  staining  methods  bring  them  out  distinctly,  phos- 
photungstic  acid  hematoxylin  and  Mallory’s  aniline  blue  collagen 
stain.  By  the  first  method  they  are  stained  blue,  by  the  second 
red.  Heidenhain’s  iron  hematoxylin  also  gives  excellent  results  but 
is  more  complicated.  A  special  method  that  will  sometimes  be  found 
useful  is  the  following; 

Mallory’s  Acid  Fuchsin  Stain.-  /^/.w//o/7. — Zenker’s  fluid. 
Embed  in  paraffin. 

Method  of  Staining. —  1.  Stain  sections  in  a  1  per  cent  aqueous 
solution  of  acid  fuchsin  overnight  in  the  cold,  or  for  1  hour  in  the 
paraffin  oven  at  54°  C. 

2.  Drain  slides  and  differentiate  in  a  0.1  per  cent  aqueous  solu¬ 
tion  of  potassium  permanganate  for  40  to  60  seconds.  This  step 
must  not  be  prolonged  beyond  the  exact  time  needed  or  the  section 
will  be  decolorized. 

3.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Xuclei  and  fibroglia  fibrils  red;  collagen  pale  reddish 
yellow;  elastic  fibrils  bright  lemon  yellow;  red  blood  corpuscles 
|)urplish  red. 

(3)  THE  LIPOBLAST  (FAT  CELL) 

I'he  fat  cell  is  a  specific  mesenchymal  cell  which  multiplies  or 
atrophies  and  disappears  according  to  the  needs  of  the  body.  It  is 
not  a  fibroblast  which  has  taken  up  fat  and  it  produces  no  fibrils. 
The  fat  cell  of  fetal  type  suggests  a  liver  cell  but  with  coarser 
granules.  It  is  often  present  after  birth  in  the  retroperitoneal  tissue. 
In  one  instance,  when  the  cells  were  numerous  or  in  clumj)s,  in  an 
emaciated  child,  they  were  mistaken  at  autop.sy  for  a  tumor.  As 
the  cells  mature  they  accumulate  fat  which  fuses  into  one  large 
globule  with  the  cytoplasm  stretched  around  it. 
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In  addition  to  fixation  for  general  stains  to  demonstrate  nuclei 
and  cytoplasmic  grannies,  tissue  must  also  be  fixed  in  formalin  so 
that  fat  stains  can  be  done. 

(4)  COLLAGEN  AND  RETICULUM 

Collagen  consists  of  bundles  of  exceedingly  delicate  fibrils  which 
usually  present  a  wavy  appearance.  They  may  be  more  or  less 
widely  separated  from  each  other,  united  into  thin  or  coarse  strands, 
or  fused  into  fibrillar  or  homogeneous  masses.  Reticulum  is  the 
term  applied  to  collagen  that  stains  by  the  silver  method  and  this 
occurs  only  under  certain  physical  conditions,  /.  c.,  when  individual 
or  small  strands  of  fibrils  are  separated  from  each  other  by  cells, 
elastic  fibrils  or  fluid,  but  not  when  they  are  fused  together.  The 
appearance  of  the  deeply  stained  fibrils  is  so  striking  in  contrast  with 
the  lightly  staining,  denser  masses  of  collagen  that  they  have  very 
generally  been  assumed  to  be  of  a  different  chemical  nature,  without 
taking  into  consideration  the  results  obtainable  by  the  application 
of  other  staining  methods  for  collagen. 

Collagenous  fibrils  retain  their  characteristic  staining  properties 
for  some  time  postmortem,  but  absolutely  fresh  tissue  is  preferable 
for  their  study  whenever  obtainable.  Any  fixative  may  be  employed 
but  Zenker’s  fluid  is  recommended.  More  or  less  specific  stains  in 
considerable  variety  are  available  for  their  demonstration.  The 
oldest  and  most  generally  useful  is  van  Gieson’s  solution  as  it  stains 
well  after  all  ordinary  fixatives.  However,  it  does  not  stain  the 
fibrils  so  intensely  as  is  desirable. 

a.  Staining  Methods  for  Collagen  and  Reticulum 

Van  Gieson’s  Picric  Acid  and  Acid  Fuchsin  Stain  ( 1889). 
— Fixation. — Almost  any  fixing  fluid  may  be  used.  Embed  in  par¬ 
affin  or  celloidin. 

Staining  Solution. — This  solution  was  originally  made  by  adding 
to  a  saturated  aqueous  solution  of  picric  acid  (about  1.22  per  cent) 
enough  of  a  saturated  aqueous  solution  of  acid  fuchsin  (about  20 
per  cent )  to  give  to  the  fluid  a  deep  garnet  red  color.  Nowadays 
it  is  usual  to  employ  a  1  per  cent  aqueous  solution  of  acid  fnchsin 
and  to  add  5  to  15  cc.  of  it  to  100  cc.  of  a  saturated  aqueous  solution 
(about  1.22  per  cent)  of  picric  acid,  according  to  the  intensity  of 
stain  desired,  or  to  the  nature  of  the  fixative  employed. 
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Method  (>l  Staiiiiiii^.-  1,  Slain  sections  rather  deeply  vvitli  alum 
hematoxylin  (|).  70).  h'or  sections  ol'  ner\e  tissue  W’eiffert's  iron 
hematoxylin  (|i.  74)  for  5  to  20  minute's  is  |)referable. 

2.  Wash  in  water. 

a.  Stain  in  \  an  (lieson  s  solution  ( |).  92  )  for  .S  minutes  or  lonj^er. 

4.  I  ransfer  directly  to  95  per  cent  alcohol  followed  by  absolute. 

5.  (dear  in  xylol  and  mount  in  balsam. 

I'or  celloidin  sections  clear  in  teipineol  or  in  oil  of  origanum 
after  95  per  cent  alcohol. 

Rrsidfs. — Collagen  brilliant  red;  smooth  and  striated  muscle 
yellow;  cornit'ied  epithelium  yellow;  neuroglia  hbrils  yellow;  and 
nuclei  blue. 

'I'he  two  drawbacks  to  this  method  are  that  the  red  stain  of  the 
collagenous  hbrils  is  not  sufficiently  intense  and  that  it  tends  to  fade. 

Mallory’s  Aniline  Blue  Collagen  Stain  { 1936). —Fixation. — 
Zenker's  tluid.  Embed  in  paraffin  or  celloidin. 

Staiiii’ig  Solution. — 

Aniline  blue,  soluble  in  water  0.5  gm. 

Orange  G  2  gm. 

Phosphotungstic  acid,  1  per  cent  aqueous 

solution  100  cc. 

Phosphomolybdic  acid  was  used  in  this  method  originally  but  the 
acid  fuchsin  stain  tended  to  fade.  Phosphotungstic  acid  causes 
no  deterioration. 

Method  oj  Staining. —  1.  Stain  sections,  which  have  been  treated 
with  iodine  as  usual  after  Zenker’s  tluid,  in  a  0.5  per  cent  aqueous 
solution  of  acid  fuchsin  for  1  to  5  minutes  or  longer.  If  it  is  desir¬ 
able  to  bring  out  the  collagenous  fibrils  as  sharply  as  possible,  omit 
the  staining  with  acid  fuchsin. 

2.  Transfer  directly  to  the  aniline  blue  solution  without  washing 
in  water  and  stain  for  20  minutes  to  1  hour  or  longer. 

3.  Transfer  directly  to  95  per  cent  alcohol,  several  changes  to 
remove  excess  stain. 

4.  Dehydrate  in  absolute  alcohol. 

5.  (dear  in  xylol  and  mount  in  balsam. 

iMir  celloidin  sections  shorten  the  staining  time,  decolorize  and 
dehydrate  in  95  per  cent  alcohol  and  clear  by  the  blotting  paper 
-xylol  method  or  in  terpineol.  Mount  in  balsam. 
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Results. — Collagenous  fibrils  intense  blue;  ground  substances  of 
cartilage  and  bone,  mucus,  amyloid  and  certain  other  hyaline  sub¬ 
stances  varying  shades  of  blue;  nuclei,  fibroglia,  myoglia  and  neu¬ 
roglia  fibrils,  axis  cylinders  and  fibrin  red;  nucleoli,  red  blood  cor¬ 
puscles  and  myelin  yellow;  elastic  fibrils  pale  pink  or  yellow. 

The  aniline  blue  stain  as  first  published  was  not  perfect  and  has 
been  often  modified  with  the  desire  of  making  the  blue  more  intense 
and  the  red  sharper.  Of  the  various  modifications,  that  of  Heiden- 
hain  seems  to  be  the  best.  He  replaced  the  acid  fuchsin  with  azo¬ 
carmine  B  or  G.  The  first  dye  is  more  readily  soluble  in  water,  but 
he  preferred  azocarmine  G. 

Heidenhain’s  Aniline  Blue  Stain  (1915). — Fixation. — Zen¬ 
ker’s,  Helly’s,  Bonin’s  or  Carnoy’s  fluids,  and  corrosive  sublimate. 
Embed  in  paraffin. 

Staining  Solutions. — 

Azocarmine 

Azocarmine  B  0.25-1  gm. 

Water,  distilled  100  cc. 

Acetic  acid,  glacial  1  cc. 

If  azocarmine  G  is  used  instead  of  B  add  0.1  gm.  to  the  100  cc. 
of  water,  bring  it  to  a  boil,  cool  to  room  temperature  and  filter 
through  coarse  filter  paper  in  the  paraffin  oven  at  51'”  to  55°  C. 
so  that  fine  particles  of  dye  will  also  pass  through.  After  cooling 
add  the  1  cc.  of  glacial  acetic  acid. 

Aniline  Blue 


Aniline  blue  0.5  gm. 

Orange  G  2  gm. 

Water,  distilled  100  cc. 

Acetic  acid,  glacial  S  cc. 


Boil  and  filter  after  cooling.  For  staining,  dilute  the  stock  solu¬ 
tion  1:.5  with  distilled  water. 

Method  oj  Staining. — 1.  Stain  in  the  azocarmine  solution  in  a 
glass-covered  dish  in  the  paraffin  oven  at  51°  to  55°  C.  for  45  to  60 
minutes,  then  cool  at  room  temperature  5  to  10  minutes. 

2.  Wash  in  distilled  water. 

3.  Differentiate  in  an  alcoholic  solution  of  aniline  made  up  as 
follows: 


Aniline 

Alcoliol,  90  per  cent 


1  cc. 
1000  cc. 


4.  Rinse  in  acetic  acid  alcohol  made  up  as  follows  for  30 
seconds  to  1  minute. 

Acetic  acid,  jtlacial  1  cc. 

.Vlcohol,  95  per  cent  100  cc. 

5.  Moialant  in  5  [)er  cent  atiueous  solution  of  phosphotungstic 
acid  1  to  3  hours. 

0.  Wash  quickly  in  distilled  water. 

7.  Stain  in  the  aniline  blue  solution  1  to  3  hours. 

S.  Wash  quickly  in  water. 

9.  Differentiate  in  95  per  cent  alcohol  follow-ed  by  absolute. 

10.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Collagen  and  reticulum  deep  blue;  chromatin  red; 
muscle  tissue  reddish  to  orange:  erythrocytes  red;  neuroglia  red¬ 
dish;  and  mucin  blue. 

Lee-Brown’s  Modification  of  Mallory’s  Aniline  Blue  Stain 

(  1929).  This  method  is  particularly  valuable  for  staining  sections 
of  kidney. 

Fixation. — Fix  in  Zenker’s  lluid.  Embed  in  paraffin. 


Staining  Solution. — 

Aniline  blue  0.5  gm. 

Orange  G  2  gm. 

Phosphomolybdic  acid  2  gm. 

Water,  distilled  100  cc. 


Method  oj  Staining. —  1.  Place  sections,  which  have  been  treated 
with  iodine  as  usual  after  Zenker’s  lluid,  in  1  per  cent  aqueous  solu¬ 
tion  of  phosphomolybdic  acid  for  30  seconds. 

2.  Wash  in  distilled  water  1  to  2  minutes. 

3.  Stain  in  the  aniline  blue  stain,  preheated  in  the  paraffin  oven, 
for  30  minutes  at  55'^  C. 

4.  W  ash  in  distilled  waiter  for  2  to  5  minutes. 

5.  I  lace  in  1  [)er  cent  aqueous  solution  ot  phosphomolybdic  acid 
for  30  seconds. 

6.  W  ash  in  distilled  water  for  1  to  2  minutes. 

7.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

8.  Clear  in  xylol  and  mount  in  balsam. 
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I\('sii/ts. — Collagen  blue;  nuclei  orange.  The  glomerular  base- 
inenl  membrane  of  the  kidney  stains  a  deep  blue. 

Mallory’s  Phosphomolybdic  Acid  Hematoxylin  Stain 

(1891). — Fixation. — Zenker’s  tluid.  Embed  in  paraffin. 

Staining  Solution. — 

Hematoxylin  1  gm. 

Phosphomolybdic  acid  2  gm. 

Water,  distilled  100  cc. 

The  solution  requires  several  weeks  in  order  to  ripen  but  may 
be  ripened  at  once  by  the  addition  of  5  cc.  of  a  1  per  cent  aqueous 
solution  of  potassium  permanganate. 

Method  oj  Staining. — 1.  Stain  sections  in  the  hematoxylin  solu¬ 
tion  for  2  to  3  hours  or  more. 

2.  Wash  in  water. 

3.  Decolorize  and  dehydrate  in  95  per  cent  alcohol  followed  by 
absolute. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Single  collagenous  fibrils  are  brought  out  a  deep  blue 
color  but  are  not  so  intensely  delineated  as  by  the  silver  methods. 

Masson’s  Trichrome  Stain  for  Connective  Tissue  (1928).— 
Fixation. — Fix  in  Bonin’s  fluid  for  3  days,  or  in  Regaud’s  for  24 
hours.  Cut  paraffin  sections  at  5  /i  and  fix  them  to  the  slide  by  the 
gelatin  method  of  Masson  (p.  58). 

Staining  Solutions. — 


Regaud’s  Hematoxylin 


Hematoxylin 
Alcohol,  95  per  cent 
Glycerin 
Water,  distilled 


1  gm. 
10  cc. 
10  cc. 
80  cc. 


Picric  Alcohol 

.Mcohol,  95  per  cent  saturated  with  picric 
acid  (about  7  per  cent) 

.Alcohol,  95  per  cent 

Solution 


2  parts 
1  part 


.Acid  fuchsin 
Ponceau  de  .xylidine 
Water,  distilled 
.Acetic  acid,  glacial 


0.3  gm. 
0.7  gm. 
100  cc. 

1  cc. 
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Solution  K 


rhosphoniol>  b(lic  acid 
Water,  distilled 


1  gm. 
100  cc. 


Solution  C 


Acetic  acid,  glacial 
\\'ater,  distilled 
Aniline  blue 


2  cc. 
100  cc. 
to  saturation 


Method  oj  Stain'nig. — 1.  Free  sections  from  paraffin  by  xylol, 
alcohol  and  water. 

2.  Mordant  in  5  per  cent  ammonio-ferric  alum,  previously 
heated  to  45°  to  50°  C.  for  5  minutes. 

5.  Wash  in  water. 

4.  Stain  in  Regaud’s  hematoxylin  for  5  minutes  at  45°  to  50°  C. 

5.  Rinse  in  95  percent  alcohol. 

6.  Differentiate  in  the  picric  alcohol. 

7.  Wash  in  running  tap  water. 

8.  Stain  in  Solution  A  for  5  minutes. 

9.  Rinse  in  distilled  water. 

10.  Differentiate  in  Solution  B  for  5  minutes. 

11.  Without  rinsing  pour  on  10  drops  of  Solution  C  and  let  stand 
for  5  minutes. 

12.  Rinse  in  distilled  water. 

13.  Place  in  Solution  B  again  for  5  minutes. 

14.  Place  in  1  per  cent  acetic  acid  in  distilled  water  for  5  minutes. 

15.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

16.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Nuclei  black;  argentaffin  granules  black  or  red;  cyto¬ 
plasm  and  neuroglia  fibrils  vermilion  red;  collagen  intense  blue. 

b.  Silver  Impregnation  Methods  for  Collagen  and  Reticulum 

Bielschowsky  originally  devised  his  silver  impregnation  method 
for  the  study  of  neurofibrils,  but  Maresch  applied  it  to  connective 
tissue  for  the  study  of  the  finer  fibrils  of  collagen,  the  so-called 
reticulum.  Reticulum  fibrils  are  brought  out  by  this  method  more 
clearly  and  beautifully  than  by  any  other  and  the  studv  of  such 
])re[>arations  is  a  revelation  of  their  comple.xitv  and  number.  Biel- 
schowsky’s  methoil  depends  on  the  reduction  by  formalin  of  the 
(“asily  leducible  soluble  silver  salt  formed  by  dissolving  with  am¬ 
monia  the  precipitate  cau.sed  by  adding  a  solution  of  sodium 
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hydroxide  to  a  solution  of  silver  nitrate.  Numerous  modifications 
of  his  methods  have  been  devised  but  the  basic  principles  remain 
the  same. 

Certain  iirecautions  must  be  taken  in  carrying  out  these  methods, 
for,  as  is  well  known,  silver  is  easily  affected  by  organic  material. 
Some  of  the  main  points  to  be  observed  are  given  below: 

1.  All  glassware  must  be  chemically  clean.  This  is  best  accom¬ 
plished  by  soaking  it  in  the  sulfuric  acid-potassium  bichromate 
cleaning  solution,  followed  by  thorough  washing  with  tap  water  and 
then  with  distilled  water. 

2.  The  distilled  water  must  be  free  from  organic  material.  This 
can  be  tested  for  by  adding  a  few  drops  of  a  silver  nitrate  solution 
and  watching  for  a  color  change  or  precipitate.  Da  Tano  recom¬ 
mends  using  water  redistilled  over  potassium  permanganate. 

3.  All  chemicals  must  be  of  the  highest  purity. 

4.  In  handling  frozen  or  celloidin  sections,  glass  instruments, 
never  metal,  should  be  used. 

5.  Certain  filter  papers  contain  sufficient  organic  material  to 
affect  the  silver  solutions  and  such  should  be  avoided. 

6.  Filter  all  solutions. 

7.  Use  a  graduated  glass  cylinder  with  a  glass  stopper  for  mak¬ 
ing  up  the  silver  solutions. 

Of  the  numerous  modifications  of  Bielschowsky’s  methods,  we 
are  giving  only  a  few.  These  would  seem  to  be  sufficient  for  or¬ 
dinary  laboratory  work.  If  further  methods  are  desired,  the  reader 
should  consult  more  specialized  works.  For  laboratories  where 
Zenker-fixed  tissues  and  paraffin  sections  are  the  rule,  we  can  recom¬ 
mend  highly  Foot’s  modifications. 

The  Bielschowsky-Maresch  Method  (  1905). — Fixation. — 
Fixation  in  10  per  cent  formalin  is  preferable.  Maresch  states  that 
alcohol-fixed  tissue  also  may  be  used  but  sections  from  such  tissue 
should  be  put  in  10  per  cent  formalin  for  several  hours,  followed 
by  washing  in  distilled  water  before  staining.  Material  fixed  in 
corrosive  sublimate,  osmic  acid  or  chrome  salts  is  not  satisfactory 
as  impregnation  is  uneven  and  the  silver  precipitates  out  in  fine  dis¬ 
crete  granules. 

Frozen  sections  give  the  best  results  but  celloidin  sections  can 
be  used  and  it  is  not  neces.sary  to  remove  the  celloidin.  Paraffin 
sections  may  also  be  used. 


Staiiii)!^  Solutions. — 

i ('/ sc ho'ivs lev’s  .{nimoniacal  Silver  Solution.  'Fo  10  cc.  of  a 
10  per  cent  acpieous  solution  of  silver  nitrate  add  first  5  drops  .of  a 
40  per  cent  aqueous  solution  of  sodium  hydroxide,  then  stronj^  am¬ 
monia  water  (  26-28  per  cent)  droiT  by  drop,  stirrinf^  constantly 
with  a  glass  rod,  until  the  brown  to  black  precipitate  is  just  dis¬ 
solved;  an  excess  of  ammonia  is  to  be  avoided  and  this  is  best  con¬ 
trolled  by  stopping  the  addition  of  the  ammonia  while  there  is  a 
granule  or  two  of  the  precipitate  still  undissolved.  Dilute  the 
amount  of  fluid  to  25  cc.  with  distilled  water  and  filter.  This  solu¬ 
tion  must  be  made  fresh  each  time  before  use. 

Formalin. — The  reduction  is  carried  out  by  a  20  per  cent  solu¬ 
tion  of  neutral  formalin  in  tap  water  as  the  free  acid  which  often 
occurs  in  commercial  formalin  interferes  with  the  reducing  process. 

Gold  C  hloride. — The  gold  chloride  solution  is  made  up  of  10 
cc.  of  distilled  water  to  which  have  been  added  5  drops  of  a  1  per 
cent  aqueous  solution  of  gold  chloride  and  1  drop  of  glacial  acetic 
acid. 

Method  oj  Staining. — 1.  Wash  formalin-  or  alcohol-fixed  tissue 
several  hours  in  running  water  before  freezing. 

2.  Cut  frozen  sections  and  place  in  distilled  water. 

3.  Place  sections  in  a  2  per  cent  aqueous  solution  of  silver 
nitrate  in  the  dark  for  24  hours. 

4.  Rinse  quickly  in  distilled  water,  2  to  3  seconds. 

5.  Transfer  sections  to  the  ammoniacal  silver  solution  for  2  to 
30  minutes,  depending  on  their  thickness.  They  turn  yellowish 
brown. 

6.  Rinse  quickly  in  2  changes  of  distilled  water,  2  to  3  seconds. 

7.  Reduce  in  a  20  per  cent  solution  of  neutral  formalin  in  tap 
water  for  5  to  30  minutes,  until  no  more  white  clouds  appear  in  the 
fluid.  The  preceding  rinse  in  distilled  water  in  Step  6  acts  as  a 
differentiator  for  this  reducing  process.  If  the  rinsing  in  Step  6  is 
too  short,  the  sections  will  be  too  dark;  if  too  long,  the  sections  will 
not  be  dark  enough;  as  a  general  rule  the  time  should  be  short. 

8.  Wash  thoroughly  in  distilled  water. 

9.  Tone  in  the  acid  gold  solution  until  the  background  becomes 
red-violet;  with  sections  10  n  thick,  10  minutes  is  usually  sufficient. 

10.  Wash  in  distilled  water. 
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11.  Place  lor  15  to  .^0  .seconds  in  a  5  per  cent  aqueous  solution 
of  sodiiun  thiosulfate. 

12.  Wash  thoroughly  in  running  water. 

13.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

14.  Clear  in  xylol  and  mount  in  balsam. 

Frozen  sections  are  cleared  preferably  with  carbol-xylol  after 
95  per  cent  alcohol. 

Results. — The  connective  tissue  fibrils,  even  the  finest,  are  a 
deep  black  on  a  clear  background.  Thick  collagen  bundles  are  a 
reddish  brown  or  violet  color.  Nuclei  as  a  rule  are  not  stained  to 
any  degree  and  aniline  dyes  may  be  used  for  their  demonstration. 

Perdrau’s  Modification  of  Bielschowsky’s  Method. — The 
method  of  procedure  given  below  is  that  described  by  Bailey  and 
Hiller  ( 1924). 

Fixation.- — Fix  in  10  per  cent  neutral  formalin.  Wash  blocks 
of  tissue  12  to  24  hours  in  running  tap  water,  then  24  hours  in  dis¬ 
tilled  water,  changing  the  water  several  times.  Cut  frozen  sections 
15  to  25  /X  in  thickness. 

This  method  may  also  be  used  on  paraffin  sections  if  the  slides 
are  not  agitated  in  the  solutions,  otherwise  the  sections  will  come 
off  the  slide. 

Staining  Solutions. — 

Pal’s  Dccolorizer. — Equal  parts  of  a  1  per  cent  aqueous  solu¬ 
tion  of  oxalic  acid  and  a  1  per  cent  aqueous  solution  of  acid  potas¬ 
sium  sulfite  are  added  together. 

Bielschowsky’s  Ammoniacal  Silver  Solution. — To  5  cc.  of  a 
20  per  cent  solution  of  silver  nitrate  add  first  2  drops  of  a  40  per 
cent  solution  of  sodium  hydroxide,  and  then  strong  ammonia  water 
(26-28  per  cent)  drop  by  drop  until  the  precipitate  is  just  dis¬ 
solved;  dilute  to  50  cc.  with  distilled  water  and  filter.  This  solution 
must  be  prepared  each  time  just  before  use. 

Method  oj  Staining. —  1.  Wash  sections  in  distilled  water  24 
hours. 

2.  Treat  sections  for  10  minutes  with  a  0.25  per  cent  aqueous 
solution  of  potassium  permanganate. 

3.  Wash  in  distilled  water. 

4.  Place  in  Pal’s  decolorizer  until  sections  are  white. 

5.  Wash  thoroughly  overnight  in  several  changes  of  distilled 
water. 
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().  Place'  in  a  2  i)cr  cent  a(|iieoiis  solution  of  silver  nitrate  in  the 
(lark  for  24  hours. 

7.  Wash  in  distilled  water  for  not  more  than  5  minutes. 

S.  Treat  sections  40  to  nO  minutes  with  Bielschowsky’s  am- 
moniacal  silver  sedution. 

9.  Wash  (|uickly  in  distilled  water. 

10.  Reduce  30  minutes  in  a  20  jK'r  cent  solution  of  formalin  (  not 
neutralized  )  made  with  tap  water. 

11.  \\’ash  in  distilled  water. 

12.  lone  in  a  l:.s00  acjueous  solution  of  gold  chloride  until 
sections  are  an  even  violet  color. 

13.  Wash  rapidly  in  distilled  water. 

14.  T ix  in  a  .S  per  cent  aqueous  solution  of  sodium  thiosulfate  2 
minutes. 

15.  Wash  thoroughly  in  distilled  water. 

16.  Dehydrate  in  70  and  95  per  cent  alcohol. 

17.  Clear  in  carbol-xylol-creosote  (p.  249). 

IS.  Rinse  in  xylol  and  mount  in  balsam. 

Results. —  The  broader  bands  of  collagen  are  stained  reddish, 
and  the  finer  strands,  so-called  reticulum,  black;  background 
almost  colorless.  The  stain  is  fairly  specific  but  may  color  neu¬ 
roglia  fibrils. 

Foot’s  Modification  of  Bielschowsky’s  Method  (1924).— 
fixation. —  Ibis  method  was  devised  especially  for  Zenker-fixed 
tissue.  Formalin-fixed  tissue  also  may  be  used  and  in  our  experi¬ 
ence  has  proved  quite  satisfactory.  This  methcxl  is  intended  for 
paraflin  sections;  we  have  had  no  experience  with  its  use  on  frozen 
or  celloidin  sections. 

Staining  Solution. — 

.Inimoniacal  Silver  Hydroxide  Solution. — To  20  cc.  of  a  10 
l)er  cent  aqueous  solution  of  silver  nitrate  add  20  drops  of  a  40  per 
cent  aqueous  solution  of  sodium  hydroxide.  The  resulting  brownish 
precipitate  is  dissolved  in  strong  ammonia  water  (26-28  per  cent), 
which  is  added  slowly,  shaking  continually;  about  2  cc.  will  be 
needed  so  it  is  well  to  add  the  ammonia  drop  by  drop  as  this  point 
is  neared  until  the  prc'cipitate  is  almost  dissolved.  It  is  better  to 
Idter  out  a  few  undissolved  granules  than  to  run  the  risk  of  adding 
too  much  ammonia,  d'he  resulting  solution  is  made  up  to  80  cc. 
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with  distillefl  water  and  filtered  before  use.  This  solution  must  be 
made  fresh  each  time  as  it  does  not  keep  well. 

Method  of  Staining. —  1.  Remove  paraffin  from  the  sections  in 
the  usual  manner. 

2.  Place  in  0.5  per  cent  iodine  in  95  per  cent  alcohol  5  minutes. 

3.  \\'ash  in  water  and  place  in  0.5  per  cent  sodium  thiosulfate 
for  5  minutes. 

4.  \\'ash  in  tap  water. 

5.  Treat  sections  with  a  0.2  5  per  cent  aqueous  solution  of  potas¬ 
sium  permanganate  for  5  minutes. 

6.  Rinse  in  tap  water. 

7.  Place  .sections  in  a  5  per  cent  aqueous  solution  of  oxalic  acid 
for  15  to  30  minutes. 

8.  Wash  thoroughly  in  tap  water. 

9.  Rinse  in  distilled  water.  P'se  distilled  water  for  washing 
until  after  sections  have  been  treated  with  formalin. 

10.  Leave  sections  for  48  hours  in  a  2  per  cent  aqueous  solution 
of  silver  nitrate  in  subdued  light,  but  not  in  the  dark. 

11.  Wash  a  short  time  in  distilled  water. 

12.  Place  in  the  ammoniacal  silver  solution  for  30  minutes. 

13.  Wash  quickly  in  distilled  water. 

14.  Reduce  in  a  5  per  cent  neutral  formalin  solution  for  30 
minutes.  It  is  well  to  change  the  solution  after  the  first  10  to  15 
minutes. 

15.  Rinse  in  tap  water. 

16.  Tone  in  a  1  per  cent  aqueous  solution  of  gold  chloride  for 
1  hour. 

17.  Rinse  in  tap  water. 

18.  Remove  excess  silver  by  treating  sections  with  a  5  per  cent 
aqueous  solution  of  sodium  thiosulfate  for  2  minutes. 

19.  Wash  thoroughly  for  several  hours  in  running  tap  water. 

20.  Stain  in  alum  hematoxylin  (p.  70)  10  minutes,  or  eigert  s 
iron  hematoxylin  (p.  74)  1  minute. 

21.  Wash  in  tap  water  until  blue. 

22.  Counterstain  in  van  Gieson  s  solution  ( ji.  92)  foi  30 
seconds. 

23.  Dehydrate  in  95  per  cent  followed  by  ab.solute  alcohol. 

24.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Coarser  collagenous  fibrils  stain  red  to  rose,  finer  col- 
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la^oiious  fibrils,  so-called  la'ticuluni,  black  to  dark  violet;  nuclei 
black,  blue  or  brownish;  cytoidasni  prayish  yellow;  muscle  fibers 
and  elastic  fibers  more  brightly  yellow. 

The  finest  reticulum  fibrils  are  brought  out  by  this  methorl  for 
if  they  are  not  I'lenetrated  by  the  silver,  the  acid  fuchsin  will  stain 
them  so  they  sometimes  appear  beaded  black  on  vermilion. 

Instead  of  staining  with  alum  hematoxylin  and  van  (iieson’s 
slain,  Mallory's  aniline  blue  collagen  stain  may  be  used,  especially 
for  the  study  of  fibroglia  aiu!  myoglia  fibrils  and  the  relation  of  these 
to  collagen.  Sometimes,  especially  for  photogra|)hic  purposes,  it  is 
of  advantage  to  omit  a  counterstain. 

"Wilder’s  Silver  Impreg-nation  Method  for  Reticulum  Fibers 
(1935).-  -This  method  was  primarily  designed  for  material  fixed  in 
formalin  and  embedded  in  paraffin. 

Fixation. — Fix  in  10  per  cent  formalin,  Zenker's  or  Helly's  lluid. 
Kmbed  in  paraffin  or  celloidin,  or  cut  frozen  sections.  Paraffin  sec¬ 
tions  are  mounted  on  slides  before  staining,  celloidin  and  frozen 
sections  are  stained  before  mounting. 

Staining  Solution . — 

.Ammoniacal  Silver  Hydroxide  Solution. — To  5  cc.  of  10.2  per 
cent  aqueous  solution  of  silver  nitrate  add  26  to  28  per  cent  am¬ 
monia  water  drop  by  drop  until  the  precipitate  which  forms  is  dis¬ 
solved.  Add  5  cc.  of  .vl  per  cent  sodium  hydroxide  and  just  dissolve 
the  resulting  precipitate  with  a  few  drops  of  ammonia  water.  Make 
the  solution  up  to  50  cc.  with  distilled  water. 

Reducing  Solution 

Water,  distillerl  50  cc. 

Formalin,  neutralized  with  magnesium  car¬ 
bonate  0.5  cc. 

Franium  nitrate,  1  per  cent  acpieous  solution  1.5  cc. 

.Method  of  Staining. —  1.  Place  sections  from  water  into  0.25  per 
cent  aqueous  solution  of  potassium  permanganate  or  in  10  per  cent 
acjiieous  solution  of  phosphomolybdic  acid  for  1  minute. 

2.  Rinse  in  distilled  water. 

.3.  Place  in  hydrobromic  acid  (Merck’s  concentrated,  34  per 
cent,  1  part;  distilled  water,  3  parts)  for  1  minute.  Hydrobromic 
acid  may  be  omitted  if  jihosphomolybdic  acirl  is  used  in  Step  1. 

4.  Wash  in  tap  water,  then  distillerl  water. 
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5.  Dip  in  a  1  per  cent  aqueous  solution  of  uranium  nitrate 
(sodium-free)  for  5  seconds  or  less. 

6.  Wash  in  distilled  water  10  to  20  seconds. 

7.  Place  in  the  ammoniacal  silver  solution  for  1  minute. 

8.  Dip  quickly  in  95  per  cent  alcohol. 

9.  Reduce  for  1  minute  in  the  reducing  solution. 

10.  Wash  in  distilled  water. 

11.  Tone  in  1:500  aqueous  gold  chloride  (Merck’s  reagent)  for 
1  minute. 

12.  Rinse  in  distilled  water. 

13.  Place  in  5  per  cent  aqueous  solution  of  sodium  thiosulfate 
1  to  2  minutes. 

14.  Wash  in  tap  water. 

15.  Counterstain,  if  desired,  with  alum  hematoxylin  and  van 
Gieson’s  stain  or  alum  hematoxylin  and  phloxine. 

16.  Differentiate  and  dehydrate  in  95  per  cent  followed  by  abso¬ 
lute  alcohol. 

17.  Clear  in  xylol  and  mount  in  balsam. 

Celloidin  sections  are  cleared  in  oil  of  origanum  following  95 
per  cent  alcohol. 

Results. — Fine  reticulum  fibers  are  stained  black  with  great  pre¬ 
cision;  the  collagen  is  a  rose  color. 

Gomori’s  Silver  Impregnation  of  Reticulum  ( 1937). — Fixa¬ 
tion. — Fix  in  10  per  cent  formalin  and  embed  in  paraffin. 

Staining  Solution. — 

Ammoniacal  Silver  Hydroxide  Solution. — To  a  10  per  cent 
aqueous  silver  nitrate  solution  add  ^  o  to  14  its  volume  of  a  10  per 
cent  aqueous  solution  of  potassium  hydroxide.  Add  26  to  28  per 
cent  ammonia  water  drop  by  drop,  while  shaking  the  container  con¬ 
tinuously,  until  the  precipitate  is  completely  dissolved.  Add  again, 
cautiously,  silver  nitrate  solution  drop  by  drop  until  the  resulting 
precipitate  easily  disappears  on  shaking  the  solution.  Make  up  the 
solution  with  distilled  water  to  twice  its  volume.  It  can  be  kept  in 
a  stoppered  bottle  for  2  days. 

Method  of  Staining.—  I .  Remove  paraffin  with  xylol,  2  changes 
of  alcohol  and  wash  in  tap  water. 

2.  Oxidize  with  a  0.5  to  1  i')er  cent  a(|ueous  solution  of  potas¬ 
sium  permanganate  for  1  to  2  minutes. 

3.  Rinse  in  tap  water. 
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4.  I  )t‘t'oli)i  ize  with  a  1  to  a  [ht  cent  a(|U(“()us  solution  of  potas¬ 
sium  metabisulfite  for  1  minute. 

5.  Wash  in  tap  water  for  several  minutes. 

6.  Sensitize  in  a  2  per  cent  solution  of  ammonio-ferric  alum  in 
distilled  water  for  I  minute. 

7.  Wash  in  tap  water  for  a  few  minutes,  folhnved  by  2  changes 
of  distilled  water. 

8.  Impregnate  in  the  silver  solution  for  1  minute. 

9.  Rinse  quickly  in  distilled  water  for  5  to  10  seconds. 

10.  Reduce  for  minutes  in  10  to  20  per  cent  formalin. 

11.  Wash  in  tap  water  for  a  few  minutes. 

12.  Tone  in  0.1  to  0.2  per  cent  solution  of  gold  chloride  for  10 
minutes. 

13.  Rinse  in  distilled  water. 

14.  Reduce  toning  in  a  1  to  3  per  cent  aqueous  solution  of 
potassium  metabisulfite  for  1  minute. 

15.  Fix  in  a  1  to  2  per  cent  aqueous  solution  of  sodium  thiosul¬ 
fate  for  1  minute. 

16.  Wash  in  tap  water. 

17.  Dehydrate  in  95  per  cent  alcohol,  followed  by  absolute 
alcohol. 

18.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Finest  connective  tissue  fibrils  are  sharply  delineated 
in  black. 

Foot’s  Modification  of  Horteg-a’s  Silver  Carbonate  Method 
for  Reticulum  ( 1927). — Fixation. — Fix  in  Zenker’s  fiuid,  and  em¬ 
bed  in  paraffin. 

Staining  Solution. — 

Ammoniacal  Silver  Carbonate  Solution. — To  10  cc.  of  a  10 
per  cent  aqueous  solution  of  silver  nitrate  add  10  cc.  of  a  saturated 
(1.25  per  cent  )  aqueous  solution  of  lithium  carbonate.  Wash  the 
white  precipitate  3  times  with  distilled  water,  allowing  the  precipi¬ 
tate  to  settle  each  time  and  pouring  off  the  supernatant  fluid.  Add 
25  cc.  of  distilled  water.  Almost  dissolve  the  precipitate  with  26 
to  28  per  cent  ammonia  water  added  drop  by  drop  (6-15  drops) 
while  shaking  the  container  vigorously.  .'Xvoid  adding  too  much 
ammonia  water;  it  is  better  to  leave  a  few  grains  of  precipitate  than 
to  add  too  much.  The  solution  is  then  made  up  to  100  cc.  with  dis¬ 
tilled  water  and  heated  to  50°  C. 
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In  order  to  [)revent  sections  from  lloating  off  the  slide  in  this 
ammoniacal  silver  solution  we  use  95  per  cent  alcohol  instead  of 
distilled  water  in  making  up  the  ammoniacal  silver  solution  to  100 
cc.  Thus,  after  dissolving  the  precipitate  with  ammonia  water,  add 
95  [3ei  cent  alcohol  to  make  the  solution  up  to  100  cc.  A  precipitate 
is  again  foimed  which  is  dissolved  by  a  few  more  drops  of  ammonia 
water.  Ihis  alcoholic  solution  is  filtered  and  warmed  for  20  minutes 
in  a  paraffin  oven  at  50“^  C.  and  then  the  sections  are  placed  in  this 
solution  for  20  minutes  in  the  oven. 

Method  oj  Staining. —  1.  After  removing  the  paraffin  from  the 
sections  in  the  usual  way  rinse  in  water  and  place  sections  in  a  0.5 
per  cent  solution  of  iodine  in  95  per  cent  alcohol  for  5  minutes. 

2.  Wash  in  water. 

o.  Bleach  in  0.5  per  cent  ac|ueous  solution  of  sodium  thiosul¬ 
fate  for  5  minutes. 

4.  Wash  in  tap  water. 

5.  Place  in  0.25  per  cent  aqueous  solution  of  potassium  per¬ 
manganate  for  5  minutes. 

9.  Rinse  in  tap  water. 

7.  Place  sections  in  a  5  per  cent  aqueous  solution  of  oxalic  acid 
for  10  minutes. 

8.  Wash  well  in  tap  water,  followed  by  distilled  water. 

9.  Place  in  the  warm  silver  ammonium  carbonate  solution  in 
the  incubator  at  37^^  C.  for  10  to  15  minutes. 

10.  Rinse  in  distilled  water. 

11.  Reduce  in  20  per  cent  a(|ueous  solution  of  neutral  formalin 
for  5  minutes. 

12.  Wash  well  in  tap  water. 

13.  Tone  in  a  1:500  aqueous  solution  of  gold  chloride  for  5 
minutes. 

14.  Wash  in  tap  water. 

15.  Fix  in  a  5  per  cent  aqueous  solution  of  sodium  thiosulfate 
for  2  minutes. 

16.  Wash  well  in  tap  water. 

17.  Counterstain,  if  desired,  for  nuclei  and  collagen  by  means 
of  alum  hematoxylin  and  van  Cieson’s  solution. 

18.  Differentiate  in  95  |)er  cent  alcohol  and  dehydrate  in  absolute 
alcohol. 

19.  C'lear  in  xylol  and  mount  in  balsam. 
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Rrsidts.  ('()ars{'r  c()lla<f(‘n  fibrils  rod  (o  rose;  reliciiluiii  bhu  k 
to  (lark  violet;  nuclei  black,  blue  or  brownish;  cytoplasm  firayish 
mellow;  muscle  fibers  and  elastic  fibers  lighter  vadlow. 

Lai(ilaw’s  Silver  Stain  for  Reticulum  (  1Q29).  -Fixation. 
k'ix  in  rxniin's  tluid  for  a  days,  or  in  10  per  cent  neutral  formalin 
lor  ,1  da>’s.  Old  formalin  material  may  be  im])roved  by  immersion 
in  tresh  neutral  tormalin  lor  .1  days.  Formalin-lixed  tissue  immersed 
in  Houin's  Iluid  for  a  days  will  give  nearly  perfect  Bouin  pictures; 
a  positive  endothelial  or  smooth  muscle  nucleus  here  and  there 
betians  the  original  formalin  fixation.  Fanbed  in  jiaraffm  or  cel- 
loidin.  or  cut  frozen  sections.  Attach  paraffin  sections  to  the  slide, 
using  Masson's  gelatin  method  (11.  58). 

Stainins;  Solution. — - 

Modified  Lithium  Silver  Solution  oj  Hortega.  -In  a  250  cc. 
glass-stoppered  graduate  dissolve  1 2  gm.  of  silver  nitrate  in  20  cc. 
ol  distilled  water.  .Add  230  cc.  of  a  saturated  solution  of  lithium 
carbonate  in  distilled  water  (about  1. 33  {ler  cent);  shake  well;  let 
settle  to  about  70  cc.  of  precipitate.  Wash  well  with  distilled  water 
3  or  4  times. 

■After  settling  again  to  about  70  cc.  of  precipitate,  decant  wash 
water,  and  add  ammonia  water  (26-28  per  cent),  shaking  constantly 
until  the  fluid  is  almost  clear. 

•Add  distilled  water  to  a  total  of  120  cc.;  shake  and  filter  into 
stock  bottle.  The  solution  keeps  for  many  months.  Ordinary  filter 
paixu'  is  apt  to  turn  brown  and  discolor  the  solution  while  filtering; 
for  that  reason  use  Whatman  filter  paper  No.  42  or  No.  44. 

Method  oj  Staining.  -A .  .After  removal  of  the  paraffin,  wash  sec¬ 
tions  lixer]  in  Bonin's  solution  in  running  water  for  20  minutes 
to  remove  the  picric  acid;  wash  formalin-fixed  .sections  for  5 
minutes. 

2.  Place  sections  in  a  1  per  cent  alcoholic  solution  of  iodine  for 
3  minutes. 

3.  Wash  in  tap  water. 

4.  Treat  with  5  per  cent  sodium  thiosulfate  for  3  minutes. 

5.  Rinse  in  tap  water. 

6.  Place  in  0.2  5  per  cent  potassium  permanganate  for  3 
minutes. 

7.  Rinse  in  tap  water. 

8.  Place  in  5  |)er  cent  oxalic  acid  for  3  minutes. 


108 


p A  rj  I ( )  1 ,( )( ; I c ' A  L  T  1C ( 1 1 N 1  (.) r  ic 


9.  Wash  well  in  running  tap  water  for  10  minutes. 

10.  Wash  in  3  changes  of  distilled  water  for  5  to  10  minutes. 

11.  Stain  in  the  lithium  silver  solution.  Heat  the  stock  solution 
in  the  parafi'm  oven  to  50°  C.  and  stain  in  the  oven  for  5  minutes. 
(The  used  solution  can  be  filtered  and  used  a  dozen  times  or 
more. ) 

12.  Rinse  the  slides  by  pouring  distilled  water  over  both  sides. 

13.  Treat  sections  with  1  per  cent  formalin  in  tap  water  for  3 
minutes,  changing  solution  several  times. 

14.  Rinse  both  sides  of  slide  with  distilled  water. 

15.  Immerse  slides  in  a  1:500  aqueous  yellow  gold  chloride 
solution  at  room  temperature  for  10  minutes. 

16.  Rinse  in  distilled  water. 

17.  Pour  5  per  cent  sodium  thiosulfate  onto  slide,  changing  the 
solution  as  often  as  it  becomes  turbid,  for  10  minutes. 

18.  Wash  well  in  running  water. 

19.  Counterstain  if  desired  and  mount  in  balsam. 

Results. — Collagen  stains  reddish  purple;  the  more  delicate 
reticulum  fibers  appear  as  fine  black  threads.  The  other  results 
vary  with  the  fixative  used.  After  Bouin’s  fluid  only  the  cytoplasm 
of  the  epithelial  cells  is  colored  black,  the  nuclei  are  colorless: 
whereas  with  formalin  fixation  the  nuclei  are  black,  the  cytoplasm 
colorless. 


(5)  ELASTIC  FIBERS 

Elastic  fibers  are  not  affected  by  dilute  potassium  or  sodium 
hydroxide  or  by  acids.  These  reagents  are  often  used,  therefore,  to 
demonstrate  elastic  fibers  in  the  fresh  condition,  for  example  in 
sputum,  because  they  render  them  prominent  by  clearing  or  de¬ 
stroying  the  other  tissues.  The  fibers  show  a  marked  affinity  for 
osmic  acid,  staining  with  greater  rapidity  than  most  other  tissue 
elements. 

For  demonstrating  elastic  fibers  in  sections  of  fixed  tissues  there 
are  three  excellent  differential  stains: 

Weigert’s  Stain  for  Elastic  Fibers  (1898). — Fixation. — Al¬ 
cohol  or  10  per  cent  formalin  is  preferable,  but  other  fixing  reagents 
give  excellent  results.  After  fixation  in  Zenker’s  fluid  sections  stain 
slowly  and  there  is  a  greater  tendency,  perhaps,  to  diffuse  coloring 
of  the  collagen  fibrils.  Embed  in  celloidin  or  paraffin. 
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Soiiiliou. 

Fuchsin,  basic 
Resorcin 


Water,  distilled 


200  cc. 


Bring  the  solution  to  a  boil  in  an  enamel  dish  and,  when  briskly 
boiling,  add  25  cc.  of  a  29  per  cent  aciiieous  solution  of  ferric  chlo¬ 
ride.  Stir  and  boil  for  2  to  5  minutes  more.  A  precipitate  forms. 
Cool  and  filter.  The  hltrate  is  discarded.  Leave  the  precipitate  on 
the  filter  paper  until  it  is  thoroughly  dry.  Then  return  filter  paper 
and  precipitate  to  the  enamel  dish,  which  should  be  dry  but  still 
contain  whatever  part  of  the  precipitate  remains  adherent  to  it. 
•Add  200  cc.  of  95  per  cent  alcohol  and  heat  carefully.  Stir  con¬ 
stantly  and  remove  the  filter  paper  when  the  precipitate  is  dissolved 
off.  Cool,  filter  and  add  95  per  cent  alcohol  to  make  up  the  200 
cc.  -Add  4  cc.  of  hydrochloric  acid.  The  solution  keeps  well  for 
months. 

Method  of  Staining. —  1.  Stain  sections  in  the  fuchsin  solution 
for  20  minutes  to  1  hour  or  longer. 

2.  Wash  off  excess  stain  in  95  per  cent  alcohol.  If  the  sections 
are  stained  diffusely  differentiate  in  acid  alcohol  for  several  minutes 
and  then  wash  thoroughly  in  tap  water. 

5.  The  nuclei  may  be  stained  with  Orth’s  lithium  carmine  (p. 
80)  before  the  elastic  tissue  is  stained,  if  no  further  counterstain  is 
desired,  or  afterwards  with  alum  hematoxylin  (p.  70)  followed  by 
either  dilute  phloxine  or  van  Gieson’s  solution  ( p.  92). 

4.  Differentiate  and  dehydrate  in  95  per  cent  alcohol  followed 
by  absolute. 

5.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  clear  in  oil  of  origanum  or  in  ter- 
pineol  after  95  per  cent  alcohol. 

Results. — The  elastic  fibers  are  dark  blue  to  black;  nuclei  a 
brilliant  red  if  carmine  is  used,  or  bluish  to  black  if  stained  with 
alum  hematoxylin;  collagen  pink  to  red;  other  tissue  elements  yel¬ 
low  if  stained  with  van  Gieson’s  solution. 

Hart’s  Modification  of  Weig-ert’s  Elastic  Tissue  Stain 
(1908). — fixation. — Zenker-fixed  tissues  can  be  stained  satisfac¬ 
torily  by  the  following  modification  of  Weigert’s  method.  Kmbed 
in  jiaraffin  or  celloidin. 
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.S’ /  a  in 'nig  So/nt  ion . — 

\\’ei”:erl's  resorcin  fiichsin  slain  (  p.  108) 
Alcoliol,  70  |)er  cent 
Hydrochloric  acid,  concentrated 


100  cc. 
1  cc. 


a  cc. 


Method  oj  Staining-  \.  Treat  sections,  which  have  been  treated 
with  iodine  as  usual  alter  Zenker’s  tluid,  with  a  0.25  per  cent  aejueous 
solution  of  potassium  permanganate  for  10  minutes. 

2.  Wkish  in  water. 

3.  Place  in  a  5  per  cent  aqueous  solution  (jf  oxalic  acid  for  20 
minutes. 

4.  Wash  in  water. 

5.  Stain  overnight  in  the  modified  Weigert  stain. 

0.  Rinse  in  95  per  cent  alcohol. 

7.  Wash  in  water  anti  counterstain  as  in  WTigert’s  original 
method  ( Step  3). 

Results. — Essentially  the  same  as  in  W’eigert’s  original  method. 
Degenerated  elastic  fibers  ( elacin  )  also  stain  by  this  method. 

Verhoeff’s  Elastic  Tissue  Stain  (1908). — Fixation. — For¬ 
malin,  10  per  cent,  or  Zenker’s  fluid  is  preferred.  Embed  in  jjar- 
affm  or  celloidin. 

Staining  Solution. — 

Hematoxylin  1  gni. 

-Alcohol,  absolute  20  cc. 

Dissolve  in  a  test  tube  by  the  aid  of  heat,  filter  and  add  in  order 
given : 

Ferric  chloride,  10  per  cent  aqueous  solution  8  cc. 

Iodine  solution  (iodine  2  gm.,  potassium  iodide 
4  gm.,  distilled  water  100  cc.)  8  cc. 

It  is  not  necessary  to  treat  tissues  or  sections  with  iodine  before 
staining.  Mercurial  precipitates  are  removed  by  the  staining  solu¬ 
tion.  For  the  best  results  the  solution  should  be  used  within  24 
hours. 

Method  oj  Staining. —  1.  Immerse  sections  in  the  staining  Iluid 
for  15  minutes  to  1  hour  until  perfectly  black. 

2.  Differentiate  in  a  2  per  cent  aqueous  solution  of  ferric 
chloride.  The  differentiation  requires  only  a  few  minutes.  'I'o  ob¬ 
serve  the  stiiges  in  the  differentiation  the  sections  may  be  examined 
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in  water  under  a  low  magnifieation.  If  (lie  differentiation  has  Ix'en 
carried  too  far  the  sections  may  be  restained,  jirovided  they  liave 
not  been  treated  with  alcohol. 

.b  Wash  in  water. 

4.  Place  in  95  per  cent  alcohol  to  remove  the  stain  of  the  iodine 
solution,  and  then  leave  sections  in  water  5  minutes  or  lon^iier. 

5.  Counterstain  in  a  0.5  per  cent  aqueous  solution  of  phloxine 
or  in  van  (b'eson's  stain  (p.  92  )  for  to  5  minutes. 

U.  Differentiate  and  dehydrate  in  95  i)er  cent  followed  by  abso¬ 
lute  alcohol. 

7.  (dear  in  xylol  and  mount  in  balsam. 

C'elloidin  sections  arc  cleared  in  terpineol  nr  in  oil  of  origanum 
dircctl}'  after  95  per  cent  alcohol. 

Results.  Fdastic  fibers  intensely  blue-black  to  black;  nuclei 
blue  to  black;  collagen  rerl;  other  tissue  elements  yellow  if  van 
(jieson's  stain  is  used.  Degenerated  elastic  tissue  (elacin)  is  also 
stained  by  this  method. 

The  Taenzer-Unna  Orcein  Method  for  Elastic  Fibers 
(\S9\ ) . —Fi.xatioii. — Any  fixing  Oiiid  may  be  used.  Embed  in 
paraffin. 

Staiiiiiif!;  Solution. — 

Orcein  1  gm. 

Alcohol,  70  per  cent  100  cc. 

Hydrochloric  acid,  concentrated  1  cc. 

Method  of  Staining. —  1.  Filter  stain  on  sections  and  warm 
gently  in  an  incubator  or  over  a  small  flame  for  10  to  15  minutes 
until  the  solution  thickens,  or  leave  in  the  solution  at  room  tem¬ 
perature  overnight. 

2.  Wash  off  thoroughly  in  70  per  cent  alcohol. 

5.  Wash  in  water  to  remove  all  acid  and  to  fix  the  color. 

4.  Xuclei  may  be  stained  by  Unna’s  polychrome  methylene 
blue  (p.  85)  or  by  alum  hematoxylin  (p.  70).  If  it  is  desirable 
to  have  only  the  elastic  fibers  stained,  dip  sections  for  a  few  seconds 
in  acid  alcohol  before  washing  in  water  and  omit  the  nuclear  stain. 

5.  Differentiate  and  dehydrate  in  95  per  cent  follower!  by  abso¬ 
lute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Elastic  fibers  are  stained  a  deep  rich  brown  color; 
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connectiv'e  tissue  a  pale  brown;  nuclei  bright  blue  or  blue  to  black, 
depending  on  the  nuclear  stain. 

(6)  CARTILAGE  AND  BONE 

Excellent  work  can  be  done  after  fixation  in  alcohol,  alcohol- 
formalin  and  10  per  cent  formalin.  The  histological  structure  is, 
however,  better  preserved  in  Zenker’s  or  Orth’s  Huids.  In  decal¬ 
cifying  bone,  after  proper  fixation,  thin  pieces  should  be  taken,  not 
more  than  2  to  4  mm.  thick,  so  that  the  decalcification  may  be  com¬ 
pleted  as  quickly  as  possible.  While  tubercle  bacilli  will  stain 
readily  after  being  24  or  even  48  hours  in  5  per  cent  nitric  acid,  it  is 
impossible  to  stain  them  after  they  have  been  subjected  to  the  same 
strength  of  nitric  acid  for  4  days.  For  details  in  regard  to  decalci¬ 
fication  see  pages  48-50. 

Celloidin  is  preferable  to  paraffin  for  embedding.  In  addition 
to  a  simple  stain  with  alum  hematoxylin,  a  counterstain  with  neutral 
carmine  or  phloxine  is  sometimes  advantageous.  The  best  results 
with  carmine  as  the  contrast  stain  are  obtained  by  staining  first  in 
alum  hematoxylin,  washing  12  to  24  hours  in  tap  water  and  then 
staining  in  neutral  carmine.  The  carmine  stains  decalcified  bone 
and  osteoid  tissue  red.  Phosphotungstic  acid  hematoxylin  will 
sometimes  be  found  useful,  especially  when  cartilage  is  present, 
because  it  stains  the  intercellular  substance,  both  of  bone  and  of 
cartilage,  pink  to  red,  while  the  nuclei  are  stained  blue.  The  ground 
substance  of  cartilage,  especially  in  tumors,  often  stains  so  intensely 
w'ith  alum  hematoxylin  that  the  nuclei  are  quite  obscured.  For  the 
same  reason  iron  hematoxylin  is  often  useful  because  it  does  not 
stain  the  ground  substance. 

Schmorl’s  Methods  for  Staining  Lacunae  and  Canaliculi 
of  Bone  (1914). — Method  1. — Fixation. — ^Preferably  in  iNIiiller's 
or  Orth’s  fluid  or  10  per  cent  formalin.  Do  not  use  a  corrosive 
sublimate  solution.  Decalcify  by  one  of  the  .slower  methods,  namely 
in  Ebner’s  fluid,  or  in  INIuller’s  fluid  100  cc.  plus  nitric  acid  3  cc. 
Embed  in  celloidin. 

St ai n in  "  S ol ntio ;/ .v . — 

Nicolle’s  Carbol  Thionin  Solution 
'rhionin,  saturated  solulion  (about  0.25  per 
cent )  in  50  per  cent  alcohol 
Carbolic  acid  water,  1  per  cent 


10  cc. 
100  cc. 
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'riiioniii  Solution 


TJiionin,  saturated  solution  (about  0.25  per 


cent  )  in  50  j)er  cent  alcohol 
Water,  distilled 


2  cc. 
10  cc. 


Method  oj  St  a/nil!". —  1.  Place  the  sections  for  at  least  10 
minutes  in  water  to  remove  any  trace  of  alcohol. 

2.  Stain  for  5  to  10  minutes  or  longer  in  Nicolle’s  carbol  thionin 
solution  or  in  the  thionin  solution. 

5.  \\'ash  in  water. 

4.  Place  in  a  saturated  aqueous  solution  of  picric  acid  (about 
1.22  per  cent)  for  ]/>  to  1  minute. 

5.  Wash  in  water. 

6.  Place  in  70  per  cent  alcohol  for  about  5  to  10  minutes  until 
no  more  dense  clouds  of  color  are  given  off. 

7.  Dehydrate  in  95  per  cent  alcohol. 

8.  Clear  in  terpineol  or  in  oil  of  origanum  and  mount  in  balsam. 

Results. — Bone  substance  yellow  to  yellowish  brown;  bone 

lacunae  and  canaliculi  dark  brown  to  black;  cells  red.  Fat  cells 
after  fixation  in  Muller’s  fluid  stain  a  reddish  violet.  Osseous  tissue 
stains  a  deeper  yellow  than  osteoid  tissue.  Canaliculi  stain  in  os¬ 
seous  tissue,  but  not  in  osteoid  tissue  unless  the  thionin  solution 
is  made  alkaline  by  the  addition  of  1  to  2  drops  of  ammonia  water. 
(This  solution  cannot  be  recommended  for  general  use.) 

This  method  is  not  a  true  stain  but  resembles  Golgi’s  method; 
a  precipitation  of  coloring  matter  takes  place  in  the  lacunae  and 
canaliculi;  it  also  takes  place  to  a  considerable  extent  in  other 
narrow  spaces  in  the  tissues.  It  can  be  eliminated  to  some  extent 
without  injury  to  the  stain  by  leaving  the  sections  in  Step  5  for  half 
an  hour.  The  canaliculi  are  now  usually  brownish  red  to  red,  and 
the  bone  substance  blue  to  colorless.  In  this  case  it  is  often  best 
to  stain  the  sections  first  in  alum  hematoxylin  to  bring  out  the 
nuclei. 

Method  2. — This  gives  excellent  results  with  the  bones  of  children 
only. 

Fixation. —  1.  Fix  very  thin  pieces  of  tissue  in  Muller’s  fluid,  or 
in  Orth's  fluid  followed  by  hardening  in  Miiller’s  fluid  for  6  to  8 
weeks  at  room  temperature,  or  for  3  to  4  weeks  at  37°  C. 

2.  Wash  in  water  and  decalcify  in  Fbner’s  solution  (p.  50). 
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3.  Wash  thorouf^hly  again  in  running  water  and  embed  in  cel- 
loidin.  Cut  sections  very  tliin. 

Method  oj  Staining. —  1.  Stain  in  Xicolle’s  carbol  thiohin,  or 
better  in  an  alkaline  thionin  solution  (add  1-2  drops  of  ammonia 
water  to  the  thionin  solution  )  for  3  minute^?. 

2.  Transfer  to  a  saturated  aqueous  solution  of  phosphotungstic 
or  phosphomolybdic  acid  (they  are  both  readily  soluble  in  water) 
for  a  few  seconds  or  longer  (use  a  glass  or  platinum  needle).  The 
sections  become  blue,  green  or  gray  in  color. 

3.  Wash  in  water  5  to  10  minutes  until  they  acquire' a  sky  blue 
color. 

4.  Place  in  dilute  ammonia  water  (1  part  ammonia  water  to  10 
parts  distilled  water)  for  3  to  5  minutes  to  fix  the  color. 

5.  Transfer  directly  to  90  per  cent  alcohol  and  change  several 
times  to  get  rid  of  the  ammonia. 

6.  Dehydrate  in  95  per  cent  alcohol. 

7.  Clear  in  carbol-xylol  and  mount  in  balsam. 

If  the  ground  substance  is  stained  too  deeply  by  the  alkaline 
thionin  solution,  treat  the  sections  with  acid  alcohol  for  5  minutes, 
followed  by  water  before  dehydrating. 

Results. — The  borders  of  the  lacunae  and  canaliculi  stain  bluish 
black;  the  ground  substance  of  bone  a  clear  to  a  greenish  blue; 
cellular  elements  a  diffuse  blue  color.  In  rachitic  bones  the  canal¬ 
iculi  are  brought  out  only  in  osseous  tissue. 

3.  Mast  and  Plasma  Cells 
(1)  MAST  CELLS 

Mast  cells  are  found  in  tissues  under  a  variety  of  conditions, 
normal  as  well  as  pathological.  They  are  often  numerous  in  chronic 
inflammatory  processes  and  occasionally  occur  abundantly  in 
leiomyomas.  Their  cytoplasmic  granules  stain  intensely  with  basic 
aniline  dyes,  especially  after  fixation  in  alcohol  or  formalin.  In 
tissues  fixed  in  Zenker’s  Iluid  they  usually  do  not  stand  out  prom¬ 
inently.  Several  methods  of  staining  mast  cell  granules  are  given. 
Unna’s  polychrome  methylene  blue  stain  differentiates  between  the 
granules  of  the  mast  cell  and  the  plasma  cell. 

Ehrlich’s  Stain  for  Mast  Cell  Granules  in  Sections  (1891). 

— Fixation. — Fix  in  absolute  alcohol.  Embed  in  celloidin. 
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Stainins;  Solution. — 
Acetic  acid,  glacial 
Alcohol,  absolute 
Water,  distilled 
nahlia 


to  saturation 


12.5  cc. 
50  cc. 
100  cc. 


Method  oj  Staining.  1.  Stain  sections  in  the  dahlia  solution  12 
hours. 

2.  Differentiate  in  95  per  cent  alcohol. 

.V  Clear  in  oil  of  origanum  and  mount  in  balsam. 

Results. — Ciranules  of  the  mast  cells  red-violet. 

Unna’s  Stain  for  Mast  Cell  Granules  in  Sections  (1910). — 

Fixation. — Fix  in  absolute  alcohol.  Embed  in  celloidin. 

Method  oj  Staining. —  1.  Stain  sections  for  3  hours  to  overnight 
in  polychrome  methylene  blue  ( p.  175)  to  which  is  added  a  knife¬ 
pointful  of  alum  to  a  watchglass  of  the  stain. 

2.  Rinse  in  distilled  water. 

3.  Dehydrate  in  95  per  cent  alcohol. 

4.  Clear  in  oil  of  origanum  and  mount  in  balsam. 

Results. — Nuclei  blue;  mast  cell  granules  red. 


(2)  PLASMA  CELLS 


Plasma  cells  arise  from  lymphocytes.  They  are  often  abundant 
in  subacute  and  chronic  pathological  processes  and  are  characterized 
by  a  cytoplasm  that  stains  quite  deeply  with  alkaline  methylene  blue 
solutions.  The  phloxine-methylene  blue  stain,  after  fixation  in 
Zenker’s  tluid.  brings  them  out  very  sharply.  The  two  methods  best 
suited  for  their  demonstration  furnish  at  the  same  time  a  differen¬ 
tial  color  stain  for  mast  cells. 

Unna’s  Differential  Stain  for  Mast  Cells  and  Plasma  Cells 
in  Sections  (  1910). — Fixation. — Fix  in  absolute  alcohol  or  in  for¬ 
malin-alcohol  (1  part  formalin  plus  2  parts  80  per  cent  alcohol). 
Embed  in  celloidin  or  paraffin. 

Staining  Solutions . — 


Polychrome  Methylene  Blue 


Methylene  blue 
W'ater,  distilled 
•Alcohol,  95  per  cent 
Potassium  carbonate 

Boil  down  to  100  cc.  on  a  water  bath. 


1  gm. 
100  cc. 
20  cc. 

1  gm. 
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(ilycerin-Ether 

Glycerin  SO  cc. 

Calcium  chloride,  anhydrous  10  gm. 

I  his  mixture  is  prepared  in  the  following  way:  Distil  together 
and  collect  the  fraction  which  goes  over  at  120°  to  220°  C.  Mix 
the  brown  liquid  with  animal  charcoal  and  distil  again.  Collect  the 
light  yellow  distillate  coming  off  at  100°  C.  Glycerin-ether  may  be 
[nirchased  already  prepared. 

Method  of  Staining. — 1.  Stain  .sections  in  the  polychrome  meth¬ 
ylene  blue  for  10  minutes. 

2.  Rinse  in  distilled  water. 

3.  Differentiate  in  Unna’s  glycerin-ether  mixture  diluted  5  to 
10  times  with  distilled  water  for  to  1  minute  or  until  the  section 
is  a  medium  blue.  Be  careful  not  to  differentiate  too  long! 

4.  Wash  thoroughly  in  water  2  to  5  minutes  and  blot  with  filter 
paper. 

5.  Dehydrate  rapidly  in  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Rcsidts. — Nuclei  blue;  granules  of  mast  cells  red;  plasma  cells 
blue. 

The  Unna-Pappenheim  Methyl  Green-Pyronine  Stain  for 
Plasma  Cells  (1899). — Fixation. — Fix  in  absolute  alcohol  or 
Carnoy’s  fluid.  The  method  may  also  be  successful  after  fixation 
in  Helly’s,  Orth’s  or  Regaud’s  fluids.  Embed  in  paraffin  or  cel- 
loidin. 

Staining  Solution. — 


Methyl  green 

0.15 

gm 

Pyronine 

0.25 

gm 

.\lcohol,  95  per  cent 

2.5 

cc. 

Glycerin 

20 

cc. 

Carbolic  acid  water,  0.5  per  cent 

77.5 

cc. 

Method  of  Staining. —  1.  Stain  sections  in  the  above  solution  for 
20  minutes. 

2.  Rin.se  rapidly  in  water. 

3.  Differentiate  and  dehydrate  rapidly  in  absolute  alcohol. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Celloidin  .sections  are  dehydrated  rapidly  in  9.S  per  cent  alcohol, 
cleared  in  terpineol  or  in  oil  of  origanum  and  mounted  in  balsam. 
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Acetone'  may  be  used  to  advantage  in  i)lace  of  alcoliol  to  de¬ 
hydrate,  because  it  lias  less  tendency  to  extract  the  pyronine  from 
the  cytoplasm  of  the  cells. 

Results.-  Xuclei  green;  cytoplasm  deep  red. 

4.  Muscle  Tissue 

For  the  demonstration  of  muscle  cells  double  stains,  such  as  alum 
hematoxylin  and  phloxine,  or  phloxine  and  methylene  blue,  are 
suflicient. 

For  bringing  out  the  finer  details  in  the  cytoplasm,  however, 
phosphotungstic  acid  hematoxylin  and  Mallory’s  aniline  blue  stain 
for  collagen  are  much  to  be  preferred.  It  is  imperative  that  the 
tissue  be  perfectly  fresh,  esjiecially  if  the  myoglia  fibrils  in  smooth 
muscle  cells  are  to  be  studied,  because  they  undergo  postmortem 
changes  very  rapidly.  Thin  sections  of  the  tissues  to  be  studied 
should  be  put  into  Zenker’s  lluid  within  5  to  10  minutes  after  re¬ 
moval  from  the  body  if  the  best  results  are  desired. 

Autopsy  material  is  practically  useless.  The  most  desirable 
tissues  are  those  obtained  directly  at  operations. 
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SPECIAL  ORGANS 

Tissues  that  are  to  be  preserved  for  study  should  be  obtained 
as  fresh  as  possible.  For  this  reason  autopsies  rarely  furnish  such 
perfect  material  as  can  be  obtained  from  surgical  operations  or  from 
experimental  lesions  in  animals.  However,  most  of  the  pathological 
material  is  from  autopsies,  and  it  is  encouraging  to  know  that  ex¬ 
cellent  results  may  be  secured  with  tissues  fixed  24  hours  or  even 
later  after  death.  The  most  valuable  autopsies  are  those  that  are 
performed  immediately  after  death,  and  in  which  but  one  etiological 
factor  has  been  concerned,  so  that  the  relation  between  the  etiology 
and  the  lesion  produced  is  uncomplicated  and  can  be  readily  grasped 
and  understood. 

The  choice  of  the  proper  fixing  reagent  varies  with  the  tissue, 
the  lesion,  and  the  use  to  which  the  material  is  to  be  put.  It  is 
advised  as  a  routine  procedure  to  fix  tissues  in  three  different  solu¬ 
tions:  in  Zenker’s  fluid  for  general  histological  study  and  for  the 
demonstration  of  injurious  agents  of  various  kinds  and  the  inflam¬ 
matory  reactions  to  them;  in  formalin  for  the  preservation  especially 
of  fat  and  myelin;  and  in  alcohol  for  the  demonstration  of  glyco¬ 
gen,  mucin,  amyloid,  sodium  urate  crystals,  hemofuscin,  iron  and 
other  metals.  With  these  three  fixatives  it  is  possible  to  accomplish 
a  great  deal  in  pathological  histology.  Helly’s  and  Orth’s  fluids 
may  be  substituted  for  Zenker’s  but  are  distinctly  not  so  useful 
except  for  certain  cells  and  tissues. 

It  is  imperative  that  pieces  of  tissue  for  histological  study  should 
be  placed  in  the  proper  fixative  as  soon  after  the  removal  of  the 
organs  or  tissues  from  the  body  as  possible,  so  that  the  surface  will 
not  dry  or  the  blood  and  other  fluids  escape  from  the  vessels.  Do 
not  wash  off  the  surface  with  water.  The  tissues  should  almost 
invariably  be  cut  into  thin  slices,  not  over  2  to  4  mm.  thick. 

In  fixing  tissues  it  is  very  important  to  use  enough  of  the  fixing 
reagent,  that  is,  10  to  20  times  as  much  as  there  is  tissue.  It  is  ad¬ 
visable  to  use  flat-bottomed  glass  dishes  and  to  stir  the  tissues  occa¬ 
sionally,  so  that  they  may  come  in  contact  with  fresh  fluid. 
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AttcT  ZcMiker's  I'lxalivc  llic  hot  ^tain  to  u>(“  for  ^cucral  his¬ 
tological  study  is  the  ithloxinc  and  mcthylciu'  blue  stain,  h'or  slides 
to  be  used  for  study  by  students  the  alum  hematoxylin  and  phloxine 
stain  makes  a  fairly  satisfactory  substitute,  but  it  does  not  demon¬ 
strate  any  bacteria  present.  Other  useful  stains  are  i)hosi)hotung- 
stic  acid  hematoxylin,  the  aniline  blue  method  for  collagen,  \'er- 
hoeff's  elastic  tissue  stain  and  the  various  bacteriological  stains. 
.\lter  lormalin  fixation  the  jiresence  of  fat  may  be  demonstrated  by 
>taining  frozen  sections  with  scarlet  red  and  alum  hematoxylin. 

d'hese  methods  of  fixation  and  staining  are  applicable  to  most 
ol  the  tissues  listed  below  and  constitute  the  routine  stains  for  almost 
all  organs  with  the  exception  of  the  central  nervous  system,  and 
even  lor  this  purpose  they  are  often  useful.  It  is  unnecessary  to 
rej)eat  them  under  each  tissue  and  organ. 

1.  Circulatory  System 

(1)  HEART 

I  he  routine  tixatix’es  and  staining  methods  advised  above  are 
about  all  that  is  necessary  lor  the  study  of  the  heart.  few  stains, 
however,  deserve  special  mention. 

I  he  presence  of  fat  is  often  of  importance  and  it  is  readily 
demonstrated  by  means  of  the  scarlet  red  stain  on  formalin-fixed 
tissue.  1 

Most  infectious  agents  are  demonstrated  by  the  phloxine-meth- 
ylene  blue  stain  after  fixation  in  Zenker’s  tluid  and  by  the  usual 
bacterial  stains. 

Demonstration  of  Trc poneniata  paUida  is  often  of  importance, 
especially  in  congenital  syphilis,  and  requires  special  staining 
methods.  Tissues  must  be  fixed  in  formalin  and  the  treponema 
demonstrated  by  one  of  the  special  silver  stains.  Levaditi’s  stain 
for  blocks  of  tissue  and  Heitzman’s  stain  for  frozen  sections  can  be 
recommended. 

Iron  stains  are  sometimes  necessary  to  distinguish  between  hemo¬ 
siderin  and  the  pigment  of  brown  atrophy.  For  this  purpose  fixa¬ 
tion  in  alcohol  is  advisable,  hi.xation  in  alcohol  or  formalin  is  best 
lor  amyloid,  which  sometimes  occurs  in  the  heart  aiul  nowhere  else. 

'I  he  Purkinje  fibers  contain  much  glycogen,  for  the  demonstra¬ 
tion  of  which  Best’s  carmine  stain  is  recommended  after  fixation  in 
alcohol. 
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(2)  BLOOD  VESSELS 

Routine  staining  methods,  and  in  addition  Verhoeff’s  elastic 
tissue  stain,  bring  out  clearly  in  tissues  fixed  in  Zenker’s  fluid  the 
various  elements  in  the  walls  of  the  blood  vessels. 

In  addition,  certain  pathological  products  of  much  importance 
require  special  consideration.  The  first  of  these  is  fat,  which  occurs 
in  foci  of  degeneration  and  also  in  macrophages.  It  is  readily 
demonstrated  by  the  scarlet  red  stain  on  frozen  sections  of  formalin- 
fixed  material. 

Another  pathological  product  is  calcium  which  is  often  deposited 
in  large  amounts  in  foci  of  degeneration.  Kossa’s  silver  stain  can  be 
recommended  for  the  demonstration  of  calcium  after  alcohol  fixation. 

2.  Blood 

(1)  PREPARATION  OF  BLOOD  SMEARS 

Smears  may  be  made  on  either  coverslips  or  slides.  Whichever 
are  used  must  be  thoroughly  cleaned  as  described  for  the  preparation 
of  glassware  in  the  section  on  supravital  staining.  When  coverslips 
are  used  a  small  drop  of  blood  is  placed  in  the  center  of  one  cover- 
slip  and  another  coverslip  is  immediately  dropped  upon  it  in  such 
a  way  that  it  is  not  completely  superimposed  but  leaves  the  corners 
of  each  uncovered.  As  soon  as  the  blood  spreads  the  coverslips  are 
pulled  apart  quickly  with  a  sliding  motion,  are  waved  in  the  air, 
and  are  then  allowed  to  dry  at  room  temperature. 

When  smears  are  made  on  slides  a  small  drop  of  blood  is  placed 
near  the  end  of  one  slide.  The  end  of  another  slide,  held  at  an 
angle  of  45°  to  the  first,  is  then  slid  up  to  the  drop.  As  soon  as 
the  drop  spreads  the  second  slide  is  pulled  backward  rapidly  along 
the  surface  of  the  first  slide,  making  a  thin  uniform  smear.  The 
smeared  slide  is  then  waved  in  the  air  and  allowed  to  dry  at  room 
temperature. 

(2)  STAINING  METHODS 

Stains  may  be  made  in  the  laboratory  or  may  be  purchased,  either 
as  staining  solutions  ready  for  use,  or  in  the  form  of  dry  stains  which 
are  to  be  dissolved  in  their  proper  solvents.  In  our  experience  re¬ 
liable  and  satisfactory  staining  solutions  are  now  available.  How¬ 
ever,  since  some  workers  desire  to  prepare  their  own  stains  the 
methods  of  doing  so  are  given  below: 
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Wright’s  Stain  (1902). — Fixaliou.  No  fi.xation  necessary. 
I'se  air-dried  smears. 

Staiiiiii"  Solution.  'Fo  a  0.5  j^er  cent  atjueous  solution  of  soflium 
bicarbonate  add  nietliylene  blue  in  a  pro(>ortion  of  1  gni.  of  the  dye 
to  each  100  cc.  of  tlie  solution.  Heat  the  inixture  in  a  steam  sterilizer 
at  100  C.  for  1  full  hour,  counting  the  time  after  the  sterilizer 
has  become  thoroughly  heated.  The  mixture  is  to  be  contained  in 
a  tlask  or  llasks  of  such  size  and  shape  that  it  forms  a  layer  not 
more  than  6  cm.  deep,  .\fter  heating,  the  mixture  is  allowed  to  cool, 
placing  the  llask  in  cold  water  if  desired,  and  is  then  filtered  to 
remove  the  precipitate  which  has  formed.  It  should,  when  cold, 
have  a  deep  purple-red  color  when  viewed  in  a  thin  layer  by  trans¬ 
mitted  yellow  artificial  light.  It  does  not  show  this  color  while  it 
is  warm. 

To  each  100  cc.  of  this  filtrate  add  500  cc.  of  a  0.1  per  cent 
aqueous  solution  of  yellowish  water-soluble  eosin  and  mix  thor¬ 
oughly.  Collect  on  a  filter  paper  the  abundant  precipitate  which 
immediately  appears.  When  the  precipitate  is  dry  dissolve  it  in 
methyl  alcohol  in  a  proportion  of  0.1  gm.  of  the  precipitate  to  60 
cc.  of  the  alcohol.  In  order  to  facilitate  solution  the  precipitate 
should  be  ground  up  in  the  alcohol  in  a  porcelain  dish  or  mortar  with 
a  spatula  or  pestle. 

This  alcoholic  solution  of  the  precipitate  is  the  staining  fluid.  It 
should  be  kept  in  a  well  stoppered  bottle  because  of  the  volatility 
of  the  alcohol.  If  it  becomes  too  concentrated  by  evaporation  and 
thus  stains  too  deeply,  or  forms  a  precipitate  on  the  blood  smear, 
the  addition  of  a  suitable  quantity  of  methyl  alcohol  will  quickly 
correct  such  faults.  It  does  not  undergo  any  spontaneous  change 
other  than  that  of  concentration  by  evaporation. 

most  important  fault  of  some  solutions  of  this  stain  is  that 
they  fail  to  stain  red  blood  corpuscles  a  yellow  or  orange  color, 
staining  them  a  blue  tint  which  cannot  readily  be  removed  by  wash¬ 
ing  with  water.  This  fault  is  due  to  a  defect  in  the  specimen  of 
eosin  employed.  It  can  be  eliminated  by  using  a  proper  yellowish 
water-soluble  eosin. 

In  staining,  either  distilled  water,  tap  water  or  a  buffered  solu¬ 
tion  is  used  as  a  diluent.  The  buffered  solution  should  have  a  />II 
of  approximately  6.4.  The  Mejunkin-Haden  buffer  solution  is  made 
as  follows: 
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iMonopotassium  acid  phosphate 
Disodium  acid  phosphate,  anhydrous 
Water,  distilled 


1000 


6.6.^  gm. 
2.56  gm. 


cc. 


Method  oj  Staining. —  1.  Cover  (he  smear  with  a  noted  fjuantitv 
of  the  staining  lluid  by  means  of  a  pipette. 

2.  After  1  minute  add  to  the  staining  fluid  by  means  of  a 
pipette  the  same  quantity  of  distilled  or  tap  water  or  buffered  solu¬ 
tion,  or  an  amount  sufficient  to  cause  the  formation  of  a  film  on  the 
.surface  of  the  staining  fluid.  Allow  it  to  remain  for  2  to  ,5  minutes, 
according  to  the  intensity  of  the  staining  desired.  A  longer  period 
of  staining  may  produce  a  precipitate. 

The  periods  of  time  given  for  staining  are  only  approximate. 
It  is  neces.sary  to  determine  for  each  lot  of  stain  the  optimum  times, 
for  both  the  undiluted  stain  and  the  stain  after  the  addition  of  the 
water.  The  use  of  distilled  water  is  recommended  as  the  pYi  is  more 
constant  but  the  tap  water  in  many  localities  is  perfectly  satis¬ 
factory. 

3.  Wash  the  preparation  in  distilled  water  for  30  seconds,  or 
until  the  thinner  portions  of  the  preparation  become  yellow  or  pink 
in  color. 

4.  Blot,  dry  and  mount  in  balsam. 

Results. — Red  cells  are  orange  or  pink  in  color.  Polychromato- 
philia  and  punctate  basophilia  or  granular  degeneration  are  well 
brought  out.  The  nucleated  red  cells  have  deep  blue  nuclei  and 
the  cytoplasm  is  usually  of  a  bluish  green  tint. 

The  polymorphonuclear  neutrophilic  leukocytes  have  a  dark 
blue  or  dark  lilac  colored  nucleus,  and  the  granules  are  usually  of  a 
reddish  lilac  color. 

The  eosinophilic  leukocytes  have  blue  or  dark  lilac  colored 
nuclei.  The  granules  have  the  color  of  eosin,  while  the  cytoplasm 
in  which  they  are  embedded  has  a  blue  color. 

The  basophilic  leukocytes  have  purplish  or  dark  blue  nuclei. 
The  granules  are  of  a  dark  purple  color  and  may  appear  almost 


black. 


Stem  cells  (myeloblasts)  have  blue  or  lilac  colored  nuclei  with 
prominent  nucleoli.  Their  cytoplasm  is  deep  blue  and  contains  no 
granules.  Promyelocytes  have  blue  or  lilac  colored  nuclei  and  con¬ 
tain  purplish  red  granules  in  their  cytoplasm. 

Myelocytes  have  dark  blue  or  lilac  colored  nuclei  and  contain 
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the  (lil'lVrenl  spc'cific  t\'|X‘s  of  graiuilcs  described  al)ove  for  the 
uraiuilar  Uaikocytes. 

Moiutcytes  have  lilac  colored  nuclei  with  a  reticular  arrani^e- 
nient  ot  the  chroniatin.  Their  cytoplasm  is  a  grayi>h  blue  and  con¬ 
tains  fine  light  red  grannies. 

L\ni|diocytes  have  dark  |)nr])lish  blue  nuclei  and  robin’s  egg 
blue  cytoplasm  in  which  a  few  iniriilish  grannies  are  sometimes 
present. 

'The  blood  platelets  are  well  stained.  In  the  best  pre[)arations 
they  generally  ajiiH-ar  as  round  or  oval  blue  bodies  with  smooth  or 
tmely  irregular  margins,  containing,  chielly  in  their  central  portions, 
many  small  violet  to  purplish  granules.  They  are  usually  of  a 
diameter  of  one-third  to  one-half  that  of  the  red  blood  corpuscles. 
They  frequently  occur  in  groups  and  masses.  Occasionallv  elon¬ 
gated  forms  are  seen  which  may  have  a  length  of  six  or  more  times 
their  width.  'These  are,  according  to  Wright’s  observations,  the  de¬ 
tached  larger  pseudopods  ol  the  giant  cells  of  the  bone  marrow,  just 
as  the  smaller  platelets  are  detached  smaller  pseiidofiods  or  frag¬ 
ments  of  the  larger  pseudopods  of  the  same  cells. 

Giemsa’s  Stain  <  1902,  1904,  1905,  1909,  1922).— 

Fixation. — 

A.  Methyl  .-[Icohol. — Air-dried  smt ars  are  fixed  1  to  3  minutes 
in  methyl  alcohol  and  are  then  allowed  to  dry. 

B.  M ay-Griinwald  Method  (1902).-  Fix  air-dried  smears  in 
the  May-Griinwald  solution  for  3  minutes.  This  solution  is  pre¬ 
pared  by  adding  1  gm.  of  eosin  to  1000  cc.  of  distilled  water,  and 
1  gm.  of  methylene  blue  to  1000  cc.  of  distilled  water.  When  the 
two  solutions  are  mixed  a  [)reci[)itate  forms.  Allow  the  mixture  to 
stand  for  several  days  and  then  filter.  Wash  the  precipitate  with 
distilled  water  until  no  more  color  comes  through  the  filter.  .Allow 
the  precifiitate  to  dry.  Make  a  saturated  solution  in  methyl  alcohol 
(0.25  gm.  of  iirecipitate  to  100  cc.  of  methyl  alcohol). 

•Add  an  equal  amount  of  distilled  water  to  the  AIay-(3riinwald 
solution  and  leave  smears  in  this  dilute  solution  1  minute  longer. 

Staining  Solution. — 

.A/ure  II  eosin  0.6  gm. 


.Azure  II 
Glycerin 
.Alcohol,  methyl 


0.16  gm. 
50  cc. 
50  cc. 


184 
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I'he  dyes  are  dissolved  in  the  glycerin,  warmed  to  60°  C.  Then 
the  methyl  alcohol,  warmed  to  the  same  temperature,  is  added  and 
the  container  shaken.  When  the  solution  is  cool  it  is  filtered  and 
kept  in  tightly  stoppered  bottles. 

An  alternative  method  of  preparation  is  to  add  to  the  dyes  con¬ 
tained  in  a  mortar  the  mixture  of  glycerin  and  methyl  alcohol. 
This  should  be  added  slowly  and  the  dyes  thoroughly  ground  with 
a  pestle. 

Method  oj  Staining. — In  carrying  out  the  staining  it  is  advisable 
to  float  the  coverslip  smear  side  down,  or  if  the  smears  are  on  slides 
to  invert  them,  supporting  one  end  of  the  slide  in  the  staining  dish 
with  a  piece  of  glass  rod.  This  is  done  to  avoid  the  deposition  of 
precipitates. 

For  staining  use  1  drop  of  stain  to  1  cc.  of  distilled  water  or 
buffered  solution  made  as  follows; 

Solution  A 

Monopotassium  acid  phosphate  fKH2P04 )  9.078  gm. 

Water,  distilled  1000  cc. 

Solution  B 

Disodium  acid  phosphate  (Nai-HPOj.- 

2H2O)  11.876  gm. 

Water,  distilled  1000  cc. 

For  use  take  4  parts  of  Solution  A  and  6  parts  of  Solution  B 
and  to  this  mixture  add  10  to  20  volumes  of  distilled  water.  This 
dilution  should  be  made  just  before  use. 

A.  Smears  Fixed  in  'Methyl  Alcohol. — 1.  Stain  for  15  minutes 
in  Giemsa’s  stain  diluted  as  directed  above. 

2.  Wash  in  distilled  water  until  properly  differentiated. 

3.  Blot,  dry  and  mount  in  balsam. 

B.  Smears  Fixed  in  the  May-Griinwald  Solution. — 1.  With¬ 
out  rinsing,  place  the  coverslip  or  slide  in  the  Giemsa  stain,  diluted 
as  directed  above,  and  stain  for  15  minutes. 

2.  Wkish  in  di.stilled  water. 

3.  Blot,  dry  and  mount  in  balsam. 

Results. — The  staining  results  are  essentially  similar  to  those 
obtained  with  Weight’s  stain,  but  in  general  the  colors  are  more 
delicate. 
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Xotc:  Gicnisa's  stain  is  very  sensitive  to  changes  in  the  hydro¬ 
gen  ion  concentration.  The  more  acid  the  solution,  the  more  intense 
the  red;  the  more  alkaline,  the  deeper  the  blue  shades.  .Advantage 
may  be  taken  of  this  fact  to  bring  out  certain  desired  structures. 

Ehrlich’s  Triacid  Stain  (Heidenhain,  1888). — Fixation. — 
.\ir-dried  smears  are  fixed  by  heat  at  110°  ('.  This  tem])erature 
is  most  easih'  attained  by  heating  a  brass  plate  at  one  end  with  a 
Ifunsen  burner,  ddien,  at  a  jxiint  between  where  a  drop  of  water 
boils  and  a  drop  sputters  and  rolls  about,  the  temperature  will  be 
about  110  C\  and  at  this  jdace  the  coversli[)s,  smear  side  up,  are 
left  for  5  to  80  seconds.  The  brass  plate  should  be  about  8  mm. 
thick  and  88  to  45  cm.  long. 

Staining  Solution. — The  original  formula  was  as  follows: 

Orange  O,  saturated  aqueous  solution  (about 

10.8  per  cent )  10  cc. 

Acid  fuchsin,  saturated  aqueous  solution  (about 

20  per  cent)  1  cc. 

iNlethyl  green,  saturated  aqueous  solution  (about 

8  per  cent)  3  cc. 

\’arious  modifications  have  been  suggested  and  the  reader  is 
referred  to  si)eciai  textbooks  for  these.  The  preparation  of  the  stain 
at  best  is  difficult  and  it  would  seem  wiser  to  purchase  it  in  a  pre¬ 
pared  form. 

Method  oj  Staining. — 1.  Stain  in  the  above  solution  5  to  10 
minutes. 

2.  Wash  in  distilled  water  until  no  more  stain  comes  away. 

8.  Dry  and  mount  in  balsam. 

Results. — Xuclei  green  (for  the  most  part  rather  indistinct); 
neutrophilic  granules  violet-red;  eosinophilic  granules  bright  red; 
basophilic  granules  unstained,  as  is  the  cytoplasm  of  the  lympho¬ 
cytes:  red  blood  cells  orange. 

The  Winkler-Schultze  Oxidase  Reaction  (  1907,  1909,  1910, 
1917). — Fixation. -~V\\  air-dried  smears  for  2  hours  in  alcohol- 
formalin  (  1  |)art  formalin  to  4  parts  95  iier  cent  alcohol). 

Staining  Solution. — 

Solution  .1.-  Heal  1  gm.  alpha-naphthol  with  100  cc.  of  dis¬ 
tilled  water  in  an  Krlenmeyer  llask  until  th(‘  water  begins  to  boil 
and  th('  alpha-naphthol  is  melted.  'I'lien,  shaking  the  llask  gently. 
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add  drop  by  drop  a  25  per  cent  aciueous  solution  of  potassium 
liydioxide  until  the  melted  alpha-naphthol  is  completely  dissolved. 
W  lien  cool,  sometimes  a  few  crystals  precipitate  out.  Use  the  sujier- 
natant  light  yellow  tluid.  This  solution  keeps  for  about  4  weeks 
and  should  be  preserved  in  the  dark. 

Solution  B. — Dissolve  0.5  gm.  dimethyl-p-phenylenediamine 
base  in  50  cc.  of  distilled  water  at  room  temperature.  The  solution 
is  to  be  preserved  in  brown  bottles  and  keeps  for  2  to  3  weeks. 

Method  oj  Staining. —  1.  Stain  2  to  5  minutes  in  a  mixture  of 
equal  parts  of  Solutions  A  and  B. 

2.  \\’ash  in  distilled  water. 

3.  Mount  in  glycerin. 

Results. — Oxidase  granules  dark  blue.  Preparations  keep  for 
several  months. 

Graham’s  Alpha-Naphthol-Pyronine  Stain  for  Oxidase 
Granules  (1916). — Fixation. —  Fix  air-dried  smears  for  1  to  2 
minutes  in  a  freshly  prepared  mixture  of  1  part  formalin  to  9  parts 


of  95  per  cent  alcohol. 

Staining  Solution. — 

Solution  A 

.\lpha-naphlhol  1  gm. 

Alcohol,  40  per  cent  100  cc. 

Hydrogen  peroxide  0.2  cc. 

Solution  B 

Pyroninc  0.1  gm. 

Aniline  4  cc. 

.Alcohol,  40  per  cent  96  cc. 


Dissolve  the  pyronine  in  the  alcohol  and  add  the  aniline.  This 
solution  keeps  well. 

Method  oj  Staining. —  1.  Wash  in  water. 

2.  Stain  with  Solution  .A  for  4  to  5  minutes. 

3.  Wash  in  running  water  for  about  15  minutes. 

4.  Stain  with  Solution  B  for  2  minutes. 

5.  Wash  in  water. 

6.  Stain  with  a  0.5  per  cent  aqueous  solution  of  methylene  blue 
U  to  1  minute. 

7.  Wash  in  water. 

8.  Blot,  dry  aiul  mount  in  balsam. 
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R(S!//ts.  riu‘  U'sulliiin  pictuic  is  much  like  that  of  the  Komau- 
owsky  stains.  i'\ce|)t  lor  the  greater  |)romiiu‘nce  of  tlu'  granules. 
I  he  neutrophilic  granules  are  usually  very  abundant,  so  that  the 
cyto|dasnuc  substance  ol  the  cell  appears  almost  comph'tely  filled 
with  them.  I  hey  are  sonuAvhat  irrc'gular  in  form  and  size  and  are 
purplish  red  in  coKir.  Occasional  cells  show  fewer  and  more  faintly 
stained  granules.  I  hey  may  represent  old  degenerating  forms  of 
the  cell.  I  he  eosino|)hilic  graiiules  are  largeu',  somewhat  lighter  and 
more  refractile,  and  have  the  ajipearance  of  spherical  bodies  with 
lighter  staining  cente'rs.  'I'he  basoidulic  granules  take  a  more  basic 
stain,  so  that  they  appear  ol  a  deep  purple  color.  Myelocytes  have 
gtanuk's  ol  \'aiying  numbiu'  and  size,  fvrvthrocvtes  are  greenish 
\ellow  to  [)ink;  j)latelets  blue;  nuclei  ol  all  cells  blue;  cytoplasm 
light  blue. 

J  he  best  results  are  secured  with  fresh  smears  or  with  those 
not  over  a  tew  days  old.  .\tter  10  days  to  2  weeks  the  reacting 
substances  begin  to  disappear,  so  that  in  older  specimens  many  of 
the  gianules  fail  to  stain  and  some  cells  may  appear  entirely  devoid 
ot  them.  The  eosinophilic  granules  retain  their  staining  power 
much  longer  than  the  neutrophilic. 

Graham’s  Benzidine  Stain  for  Oxidase  Granules  ( 1918). _ 

Fixafioii.—Vix  Iresh  smears  in  a  freshly  prepared  mixture  of  for¬ 
malin  1  part,  and  95  per  cent  alcohol  9  parts  for  1  to  2  minutes. 

Staining  -Prepare  a  stock  solution  of  40  per  cent  alco¬ 

hol  containing  0.2  per  cent  hydrogen  peroxide.  At  the  time  of 
staining  saturate  the  required  quantity  of  this  fluid  with  benzidine. 

Method  oj  Staining -  .  Wash  fixed  smears  with  ta[)  water 

2.  Cover  with  the  benzidine  mixture  for  5  to  10  minutes. 

5.  Wash  with  ta[j  water. 

4.  .Stain  with  Loeffler’s  alkaline  methylene  blue  solution  (  p,  84) 
lor  .10  seconds. 

5.  Wash  in  water. 

6.  Blot,  dry  and  mount  in  balsam. 

Resnlts.~T\\(i  neutrophilic  and  eosinophilic  granules  are 
stained  a  yellow-brown.  The  nuclei  of  the  leukocytes  are  dark 
blue,  those  of  the  lymphocytes  a  slight  purplish  tint.  The  red 

blood  celP  are  greenish  yellow  to  greenish  blue;  the  blood  platelets 
are  blue. 
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Sato’s  Peroxidase  Reaction  (\9n-2'A). —Fixation. — No  fix¬ 
ation  necessary.  Use  air-dried  smears. 

Staining  S ol n t io n . — 

Benzidine  Solution.-  To  0.1  gm.  of  benzidine  in  a  mortar  add 
slowly,  grinding  with  a  pestle  all  the  time,  100  cc.  of  distilled  water. 
Filter  and  add  2  to  4  drops  of  hydrogen  peroxide  to  the  filtrate. 
This  solution  keeps  fairly  well  at  room  temperature  for  several 
weeks. 

Method  of  Staining. — This  is  best  done  by  floating  coverslips 
on  various  solutions. 

1.  Mordant  in  0.5  per  cent  aqueous  solution  of  copper  sulfate 
1  minute. 

2.  Wash  quickly  in  water.  The  time  of  washing  is  of  prime 
importance.  If  too  short,  a  crystalline  precipitate  will  appear  on 
the  smears  following  Step  3;  if  too  long,  either  no  reaction  or  a 
very  weak  one  will  take  place.  It  is  our  custom  to  dip  the  cover- 
slip  quickly  in  the  water  3  times. 

3.  Place  immediately  in  the  benzidine  solution  for  2  minutes. 

4.  Wash  in  water. 

5.  Stain  in  1  per  cent  aqueous  solution  of  safranine  20  seconds. 

6.  Wash  in  water. 

7.  Blot,  dry  and  mount  in  balsam. 

Results. — Peroxidase  granules  deep  blue;  nuclei  and  cytoplasm 
of  lymphocytes  red;  basophilic  granules  red. 

Bloch  and  Peck’s  Modification  of  the  Dopa  Reaction  for 
Leukocytes  (1930).- — Fixation. — Fix  smears  in  hot  formaldehyde 
vapor  for  20  minutes. 

Staining  Solution. — 

Stock  Dopa  Solution. — Dissolve  0.1  gm.  3,4-dioxyphenyt- 
alanine  in  100  cc.  of  physiological  salt  solution.  Keep  tightly  corked 
in  the  refrigerator  where  it  will  remain  good  for  many  weeks.  The 
solution  is  usable  as  long  as  it  remains  colorless  or  shows  no  more 
than  a  slightly  reddish  tinge. 

Method  of  Staining. — 1.  Immerse  smears  in  the  dopa  solution. 

2.  Then  add  0.2  cc.  of  N/10  .sodium  hydroxide  solution  for 
each  10  cc.  of  stock  dopa  solution.  The  mixture  turns  red,  then 
brown. 

3.  Leave  at  room  temperature  for  1  to  2  hours,  examining  the 
coverslip  or  slide  every  30  minutes. 
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4.  When  the  leukoeyte  granules  are  stained  (  usually  in  1  1  '/-j 
hours)  wash  in  running  water,  dry  and  mount,  or 

5.  Wash  in  distilled  water. 

().  Immerse  in  2  per  cent  aciueous  solution  of  silver  nitrate  for 
2  hours. 

7.  Wash  in  distilled  water. 

8.  'Preat  for  10  minutes  with  a  saturated  solution  of  sodium 
thiosulfate  (about  100  per  cent). 

9.  Wash  in  distilled  water. 

10.  Stain  nuclei  with  alum  hematoxylin  ( p.  70)  for  15  to  20 
minutes. 

1 1 .  Wash  in  water. 

12.  Blot,  dry  and  mount  in  balsam. 

Rcsi{lts. — Dopa-positive  granules  yellow  to  yellowish  brown; 
following  treatment  with  silver  nitrate  yellowish  brown  to  dark 
brown. 

(3)  SUPRAVITAL  STAINING 

Supravital  staining  is  a  method  employed  for  the  study  and  iden¬ 
tification  of  li\’ing  cells.  All  the  dyes  used  are  toxic  and  therefore 
the  strength  of  the  solution  and  the  time  of  exposure  of  the  cells 
to  the  dye  must  be  taken  into  consideration  for  each  stain  employed. 
In  brief,  the  method  consists  of  exposing  the  cells  suspended  in  a 
neutral  medium  such  as  blood  serum  or  Locke’s  solution  to  the 
particular  dye  and  observing  the  character,  distribution,  and  so  on, 
of  the  stained  structures  in  the  cells.  Pkir  material  from  warm¬ 
blooded  animals  the  use  of  a  warm-box  or  a  warm-stage  kept  at 
37.5°  C.  is  advisable. 

I  he  dyes  used  may  be  divided  into  two  main  groups;  (  1 )  dyes 
such  as  neutral  red,  Congo  red,  methylene  blue,  Nile  blue  sulfate, 
and  others,  which  stain  specific  granules,  phagocytosed  material 
and  certain  other  structures;  and  (2)  those  that  stain  mitochondria 
specincally;  of  these  latter  stains  the  best  known  is  Janus  green. 

Preparation  of  Glassware.— The  most  satisfactory  method  of 
employing  these  stains  is  in  the  form  of  a  thin  film  on  coversllps 
or  slides  made  by  allowing  an  alcoholic  solution  to  evaporate.  ( It 
has  been  our  practice  to  utilize  slides  exclusively,  but  coverslips 
may  be  u.sed.)  In  order  to  get  a  uniformly  thin  film  it  is  essential 
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that  the  slides  or  coverslips  be  free  from  grease.  This  is  ensured 
by  the  following  procedures; 

1.  Place  all  glassware  to  be  used  in  cleaning  solution  (sulfuric 
acid-bichromate)  for  several  days. 

2.  Wash  for  several  hours  or  overnight  in  running  ta[)  water. 

0.  Place  in  distilled  water  overnight. 

4.  Leave  in  9.S  per  cent  alcohol  for  2  to  ^  days. 

5.  Wipe  with  gauze,  removing  each  slide  with  a  pair  of  forceps 
and  taking  care  not  to  let  the  fingers  come  in  direct  contact  with 
the  slides. 

6.  Holding  the  slide  in  a  pair  of  forceps,  flame  over  a  Bunsen 
burner.  Keep  in  a  closed  box  protected  from  dust. 

Staining  Solutions. — Neutral  7?rr/.— This  is  the  most  widely 
used  of  the  supravital  stains  of  the  first  group  mentioned  above. 
Its  toxicity  is  relatively  low  and  it  has  the  added  advantage  of 
being  an  indicator — red  in  acid  solutions  and  yellow  in  alkaline.  A 
stock  solution  of  neutral  red  is  prepared  by  making  a  supersatu¬ 
rated  solution  in  absolute  alcohol  (about  0.25  per  cent)  kept  in  a 
tightly  stoppered  bottle.  For  use,  20  to  50  drops  of  this  solution 
are  added  to  10  cc.  of  absolute  alcohol.  This  dilute  solution  is 
most  conveniently  kept  in  a  bottle  with  a  glass  stopper  that  contains 
a  capillary  pipette  with  a  nipple.  Agitation  of  the  stock  solution 
when  removing  a  sample  must  be  avoided. 

The  slides  are  flooded  with  the  dye,  the  excess  being  allowed 
to  run  back  into  the  bottle.  The  slides  are  then  placed  upright 
until  the  films  are  dry,  when  they  are  ready  for  use.  Such  stained 
slides  keep  indefinitely  but  should  be  protected  from  dust.  Films 
prepared  on  a  humid  day  are  apt  to  be  somewhat  uneven,  due  to  the 
absorption  of  moisture  by  the  alcohol. 

Janus  Green. — As  stated  above,  Janus  green  is  the  most  widely 
used  stain  for  mitochondria.  It  may  be  used  alone,  but  in  the 
study  of  blood  cells  it  is  usually  employed  combined  with  neutral 
red.  .A  supersaturated  solution  of  Janus  green  in  absolute  alcohol 
(about  0.2  per  cent)  serves  as  a  stock  solution.  When  it  is  to  be 
used  alone  15  to  30  drops  of  this  solution  are  added  to  10  cc.  of 
absolute  alcohol  and  films  are  made  as  directed  for  neutral  red. 
When  used  in  combination  with  neutral  red,  3  to  6  drops  of  Janus 
green  solution  are  added  to  2  cc.  of  dilute  neutral  red  solution  and 
films  on  slides  are  made  immediately,  since  the  combined  solutions 
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prociiMtatt*  on  standing.  'Flu*  amount  of  Janus  grecm  to  he  used 
\aiios  with  tho  typo  of  blood  or  tissue*  to  bo  studiod  and  lias  to 
bo  iletormiiu'd  for  oacli  lot  of  dyo.  'Fho  amount  nocossary  for  sat¬ 
isfactory  staining  also  deponds  somewhat  on  the  number  and  char¬ 
acter  of  the  cells  to  be  studied. 

Methods  of  Staining.  .1.  Blood.  A  drop  of  blood  is  placed 
on  the  stained  slide  and  covered  gently  with  a  coverslip.  ddie  si/e 
of  the  drop  is  of  prime  imi)ortance.  It  should  be  such  that  it  will 
just  fill  the  space  between  the  slide  and  the  coverslip.  If  too  large 
the  leukocytes  will  lloat  and  be  spherical  in  shape;  if  too  small, 
a  considerable  number  of  the  cells  will  be  damaged  or  killed  from 
the  pressure  of  the  coverslip.  After  the  blood  has  s|)read  out  be¬ 
tween  the  coverslip  and  the  slide,  the  edges  of  the  coverslip  are 
sealed  with  melted  x’aselin.  This  may  be  applied  with  a  syringe 
and  needle  or  with  a  swab-stick  or  match-stick.  The  preparation 
is  then  placed  in  a  warm-box  or  warm-stage  and  examined.  It 
usually  takes  several  minutes  for  the  stain  to  penetrate  the  cells 
and  also  for  the  cells  to  attain  their  normal  motility. 

Results. — The  granules  of  the  leukocytes  of  different  species  of 
animals  vary  somewhat  in  their  staining  reactions.  The  descrip¬ 
tions  given  below  apply  to  those  of  human  blood. 

Folymor phonuclcar  Nciitro philcs. — The  granules  stain  a  brown¬ 
ish  red.  When  a  cell  dies  the  granules  become  faintly  yellow  or 
colorless.  The  cells  are  actively  motile  and  the  granules  can  be 
seen  streaming  into  the  pseudopods. 

liosinophiles.— This  granules  are  large  and  stain  a  brilliant 
yellow.  The  cells  are  motile. 

Basophiles.-  -The  granules  are  a  deep  red.  The  cells  are  motile. 

Lymphocytes.-  The  granules  are  few  in  number  and  stain  a 
lighter  red  than  those  of  the  basophiles.  When  Janus  green  is  used 
in  addition,  numerous  rod  shaped  mitochondria  colored  a  bluish 
green  can  be  distinguished.  Lymphocytes  are  sluggishly  motile. 

Monocytes. — The  granules  are  a  salmon  pink  and  are  fairly 
numerous.  When  the  cell  is  actively  motile  no  definite  arrangement 
can  be  made  out.  W’hen  they  are  moving  slowly  or  are  at  rest  the 
granules  are  arranged  in  a  rosette  around  the  centrioles  in  the  neigh¬ 
borhood  of  the  nucleus.  With  Janus  green  the  mitochondria  can 
be  seen  situated  at  the  peri|3hery  of  the  rosette. 

Myelocytes.  The  granules  of  various  types  stain  as  do  those 
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ol  the  adult  forms,  but  more  intensely.  The  mitochondria  vary  in 
number  according  to  the  stage  of  maturation  of  the  cell,  being  most 
numerous  in  the  more  immature  forms.  They  are  non-motile. 

Stem  Cells  (Myeloblasts,  Monoblasts,  Lymphoblasts). — The 
granules  are  very  small,  are  salmon  pink  in  color  and  are  arranged 
in  a  small  rosette  in  each  cell.  Mitochondria  are  numerous.  These 
cells  are  non-motile. 

Maerophages  (Clasmatoeytes,  Histioeytes,  Fjidothelial  Leuko¬ 
cytes). — Irregular  in  shape;  they  are  larger  than  any  other  cell, 
and  contain  no  specific  granules,  but  often  contain  phagocytosed 
material  which  stains  various  shades  of  red  or  yellow. 

Erythrocytes. — Red  blood  cells  stain  a  faint  yellow.  Reticu¬ 
lated  red  cells  show  granules  of  red  material. 

Comment:  When  neutral  red  alone  is  used  the  cells  remain 
viable  for  several  hours.  As  time  goes  on  the  granules  tend  to  stain 
more  intensely  and  in  monocytes  an  exaggerated  form  of  rosette 
is  often  observed.  When  the  cell  dies  it  becomes  spherical  and 
the  granules  lose  their  specific  stain,  tending  to  collect  around  the 
nucleus.  The  nucleus  tends  to  stain  red. 

Janus  green  is  more  toxic  and  the  cells  are  usually  killed  within 
an  hour. 

When  the  combined  neutral  red  and  Janus  green  stain  is  used, 
staining  by  neutral  red  is  often  less  intense  than  when  it  is  used 
alone.  Therefore,  it  is  a  good  practice  to  use  a  preparation  with 
neutral  red  alone,  as  well  as  with  the  double  stain. 

B.  Tissues  and  Exudates. — The  same  technique  as  given  for 
the  blood  may  be  applied  here.  In  the  case  of  exudates  or  transu¬ 
dates  a  drop  of  the  fluid,  diluted  if  necessary,  is  treated  the  same 
as  a  drop  of  blood.  If  tissue  is  being  examined  the  surface  may 
be  scraped  or  with  specimens  such  as  lymph  nodes,  cellular  tumors, 
and  so  on,  a  small  piece  of  tissue  may  be  placed  in  a  drop  of  fluid 
and  a  coverslip  gently  pressed  down.  The  best  fluid  in  which  to 
suspend  tissue  cells  is  blood  serum,  either  human  or  animal.  Locke's 
solution  may  be  used  but  it  is  less  satisfactory.  Care  must  be  taken 
not  to  let  the  tissue  dry. 

This  method  of  study  can  be  profitably  applied,  not  only  to 
normal  tissues  but  also  to  tumors,  and  a  diagnosis  can  often  be 
rapidly  made. 
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(,4)  STAINING  OF  FIBRIN 

Fibrin  usually  appears  as  delicate,  transparent,  slightly  refrac¬ 
tive  threads  which  are  often  closely  matted  together  to  form  large 
masses.  More  rarely  it  apju'ars  as  coherent  masses  of  the  finest 
granules,  as  homogeneous  glassy  lum]vs,  or  as  thin  sheets.  The 
characteristic  reaction  for  fresh  fibrin  is  that  it  swells  uj)  f|uickly 
and  optically  dissoh'es  in  very  dilute  acetic  acid. 

Fibrin  is  well  brought  out  in  sections  by  the  alum  hematoxylin 
and  phloxine  stain,  or  by  phloxine  followed  by  an  alkaline  methy¬ 
lene  blue  solution,  esj-iecially  if  the  tissue  has  been  fixed  in  Zenker’s 
lluid.  Two  other  stains  that  bring  it  out  with  great  sharpness  are 
phosphotungstic  acid  hematoxylin  and  Mallory’s  aniline  blue 
method  for  collagen.  As  a  specific  method  for  fibrin  Weigert  de¬ 
vised  a  differential  stain  which  is  a  modification  of  Gram’s  method 
for  bacteria. 

Weigert’s  Differential  Stain  for  Fibrin  (1887). — Fixation. 
— Fix  in  absolute  alcohol,  Carnoy’s  fluid  or  alcohol-formalin. 
Zenker’s  and  Kelly 's  fluids  may  also  be  used  but  after  fixation  in 
fluids  containing  chrome  salts  the  sections  must  be  treated  with 
potassium  permanganate  (0.25  per  cent  for  10  minutes)  and  oxalic 
acid  (5  per  cent  for  20  minutes)  before  being  stained.  Embed 
preferably  in  paraffin. 

Staining  Solution. — 

Solution  A 

Alcohol,  absolute  33  cc. 

-Aniline  9  cc. 

Methyl  violet  (crystal  violet)  in  excess 

Solution  B 

Alcthyl  violet  (crystal  violet),  saturated  solution  in 
distilled  water  (about  1.68  per  cent) 

Just  before  use  mix  3  cc.  of  Solution  .A  with  2  7  cc.  of  Solution  B. 
d'he  stock  solutions  will  keep  indefinitely,  the  combined  stain  for 
only  1  to  2  weeks. 

.MdhofI  of  Staining.  F  Stain  nuclei  by  the  lithium  carmine 
method  ( p.  80)  in  the  usual  way  and  wash  thoroughly  in  water. 

2.  Stain  sections  for  5  to  10  minutes  in  the  staining  .solution. 

3.  Drain  and  blot  with  filter  pa|)er. 

IS 
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4.  Pour  ()V('r  tlie  sections  (irani's  iodine  solution  (p.  S2  )  anrl 
allow  it  to  act  for  5  to  10  minutes. 

5.  Drain  oil  solution  and  blot  with  filter  pai^er. 

6.  Dilterentiate  in  a  mixture  of  equal  parts  of  aniline  and  xylol 
from  a  dropping-bottle.  Blot  and  pour  on  fresh  aniline-xylol  sev¬ 
eral  times  until  the  section  is  well  differentiated  and  no  more  purple 
color  is  removed. 

7.  Blot  and  pour  on  xylol  several  times  to  remove  the  aniline. 

8.  Mount  in  balsam. 

Results. — Fibrin  and  Gram-positive  bacteria  blue  to  blue-black; 
nuclei  red. 

3.  Bone  Marrow 

Smears. — Smears  may  be  made  in  a  number  of  ways. 

1.  .4  slide  or  coverslip  may  be  touched  to  the  surface  of  the 
tissue. 

2.  .4  small  piece  of  tissue,  held  in  a  pair  of  forceps,  may  be 
rubbed  over  the  surface  of  a  slide  or  coverslip. 

3.  A  drop  of  serum  of  the  size  used  for  blood  smears  is  placed 
in  the  center  of  a  coverslip.  A  small  piece  of  tissue  is  teased  out 
in  the  drop  with  forceps  or  needles,  and  the  larger  bits  of  tissue 
are  then  removed  and  discarded,  leaving  a  suspension  of  cells  in 
the  serum.  Another  coverslip  is  then  dropped  on  the  first,  and  a 
smear  made  in  the  same  way  as  a  blood  smear. 

Fixation  and  Staining. — The  smears  may  be  allowed  to  dr\^  in 
the  air  and  be  fi.xed  and  stained  by  any  of  the  methods  used  for 
blood  smears,  such  as  Wright’s  stain,  Giemsa’s  stain,  and  so  on. 

However,  better  results  are  often  obtained  by  fixation  while 
the  smears  are  still  wet,  followed  by  staining  with  a  dilute  solution 
of  Wright’s  stain.  This  method  is  carried  out  as  follows: 

1.  Fix  smear  while  still  wet  in  methyl  alcohol  for  1  minute. 

2.  Stain  for  3  to  5  minutes  with  Wright’s  stain,  diluted  with 
an  equal  amount  of  distilled  water.  This  dilution  must  be  made 
immediately  before  use. 

3.  Wash  in  water. 

4.  Dehydrate  in  acetone. 

5.  Clear  in  oil  of  turiientine. 

6.  Mount  in  turpentine  colophony. 

Instead  of  Steps  .S  and  6  may  be  substituted  clearing  with  xylol 
and  mounting  in  balsam. 
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Oxidase  and  pc'roxidase  reactions  are  carried  out  as  diia'ctc'd 
for  blood  smears. 

Supra\ital  [ireparations  of  lione  marrow  often  yielrl  information 
of  considerable  value  and  are  made  as  directed  undc'r  the  section 
on  supravital  stainini!;  of  blood. 

Sections.  In  our  experience,  the'  bi'sl  jireparations  of  boiu' 
marrow  are  jiaralTm  sections  of  Zenl-a'i-lixed  material  stained  with 
Mallory's  pdiloxint'-melhylene  blue  stain  or  with  Wolbach’s  modi¬ 
fication  of  the  (liemsa  stain.  This  applies  to  both  biopsy  and 
autopsy  material,  ddii'  pieces  of  marrow  are  cut  so  thin  before 
fixation  that  the  lime  salts  are  completely  removed  rlurinp;  the  24 
hour  iieriod  in  Zenker's  lluid.  This  obviates  the  necessity  of  any 
further  decalcifyiu”;  process  and  is  highly  rlesirable,  since  in  our 
experience  any  treatment  with  other  decalcifying  agents  interferes 
with  satisfactory  staining. 

If  further  decalcification  is  necessary,  w’e  have  found  a  5  per 
cent  solution  of  nitric  acid  in  95  per  cent  alcohol  to  be  the  most 
satisfactory  agent,  .\fter  decalcification  is  complete,  the  tissues  are 
transferred  directly  to  95  jier  cent  alcohol,  not  water.  Change  the 
alcohol  repeatedly  to  remove  the  acid,  and  then  embed  as  usual. 

"Wolbach’s  Modification  of  Giemsa’s  Stain  (1919). — Fixa¬ 
tion. — Fix  in  Zenker’s  tluid.  Embed  in  paraffin  and  cut  sections 
at  5  /V.  or  less. 

Staining  Solution. — • 


Giemsa's  Stain 


.\zure  11  eosin 

,■) 

gm 

•Azure  1 1 

0.8 

gm 

.Alcohol,  methyl  (Merck’s  reagent) 

MS 

cc. 

Glycerin 

125 

cc. 

imbine  reagents  and  filter.  For  use  take: 

Giemsa’s  stain 

2.5 

cc. 

-Alcohol,  methyl  (Merck’s  reagent) 

cc. 

Water,  distilled  ( to  which  have  been  added 

2  -4  drops  of  a  0.5  per  cent  aciueous  solu¬ 

« 

tion  of  sodium  bicarbonate) 

100 

cc. 

Method  of  Staini}i<^.-  \\A)Ibach  suggests  that  after  sections  have 
been  deparaftinized  and  treaterl  with  iodine  in  the  usual  w'ay,  as 
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an  extra  precaution  to  ensure  the  complete  removal  of  the  corro¬ 
sive  sublimate  crystals  deposited  in  tissues  by  Zenker’s  lluid,  sec¬ 
tions  should  be  treated  with  a  0.5  per  cent  solution  of  soflium  thio¬ 
sulfate  for  10  to  15  minutes.  Wash  thoroughly  in  tap  water  and 
place  in  distilled  water. 

1.  Pour  stain  over  slides  immediately  after  mixing.  The  stain 
should  be  changed  twice  during  the  first  hour.  Leave  sections  over¬ 
night  in  the  third  change  of  staining  solution. 

2.  Pour  off  stain  and  place  sections  in  distilled  water. 

3.  Differentiate  each  slide  individually  in  95  per  cent  ethyl 
alcohol  to  which  a  few  drops  of  10  per  cent  solution  of  colophony 
(rosin)  in  absolute  alcohol  have  been  added. 

4.  Dehydrate  sections  in  absolute  alcohol. 

5.  Clear  in  xylol  and  mount  in  oil  of  cedarwood. 

Since  it  has  been  possible  to  obtain  neutral  balsam  sections 
mounted  in  this  medium  have  not  faded  to  any  extent  in  several 
years.  Neutral  balsam  gives  a  harder  and  more  permanent  mount. 

Results. — Essentially  similar  to  those  obtained  by  the  phloxine- 
methylene  blue  stain  except  that  the  color  contrast  is  more  delicate. 

Maximow’s  Azure  II  Eosin  and  Alum  Hematoxylin  Stain 
(1909). — Fixation. — hdx  in  Maximow’s  modification  of  Helly’s 
fluid.  This  is  prepared  by  adding  to  90  cc.  of  Zenker’s  fluid  ( with¬ 
out  acetic  acid)  10  cc.  of  formalin  just  before  use.  Fix  for  24 
hours,  wash  24  hours  in  running  water,  and  place  in  80  per  cent 
alcohol. 

Staining  Solution. — 

Solution  A 

Eosin,  water-soluble,  yellowish 
Water,  distilled 

Solution  B 

Azure  II 
Water,  distilled 


0.1  gm. 
100  cc. 

0.1  gm. 
100  cc. 


Directly  before  using,  dilute  10  cc.  of  Solution  with  100  cc. 
of  distilled  water  or  buffered  solution  and  add  10  cc.  of  Solution  B. 
The  combined  solution  is  dark  violet. 

The  stain  is  very  sensitive  to  the  hydrogcai  ion  concentration 
so  it  is  advisable  to  use  either  freshly  redistilled  wal('r  (tr  a  buffered 
solution  with  a  pW  of  9.8  to  7.0.  This  may  be  ju-epared  as  follows: 
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M  15  nK)n()])()lassium  acid  [diosphate  4  i)arts 

M/15  (iisodiuin  acid  phosphate  6  parts 

Water,  distilled  10-20  parts 

'I'he  niono[)otassiiim  acid  jihosphate  solution  is  made  by  dissolv- 
iiytt  9.078  gm.  KIljl’Oi  in  1000  cc.  ol  distilled  water,  and  the 
disodium  acid  })hosphate  solution  by  dissolving  1  1.876  gm. 
Xa-jHrOi  .ilb.O  in  1000  cc.  of  distilled  water. 

Method  oj  Sta/ii/ii".---  FAihev  paraffin  or  celloidin  sections  may 
be  used. 

1.  Stain  for  24  hours  in  dilute  Delafield’s  alum  hematoxylin 
(  p.  71  )  made  by  adding  1  to  2  drops  of  the  stain  to  100  cc.  of  dis¬ 
tilled  water. 

2.  Wash  in  distilled  water  24  hours. 

5.  Stain  in  the  azure  II  eosin  mixture  6  to  24  hours. 

4.  Differentiate  the  overstained  sections  in  95  per  cent  alcohol 
until  the  red  blood  cells  and  collagen  are  pink  to  red. 

5.  Dehydrate  in  absolute  alcohol  W  to  1  minute. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Results. — The  results  are  essentially  the  same  as  with  the 
phloxine-methylene  blue  or  Giemsa’s  stain. 

Wright’s  Stain  for  Megakaryocytes  and  Blood  Platelets 
(1910). —  Fixation. — Fix  in  10  per  cent  formalin  or  in  a  saturated 
solution  of  mercuric  bichloride  (about  6.9  per  cent)  in  0.9  per  cent 
sodium  chloride  solution.  Downey  recommends  a  mixture  of  10  cc. 
formalin  and  90  cc.  of  0.9  per  cent  sodium  chloride  solution  satu¬ 
rated  with  mercuric  bichloride. 

Staining  Solution. — The  staining  fluid  is  composed  of  1  part  of 
a  modified  methylene  blue  solution  and  10  parts  of  a  0.1  per  cent 
solution  of  water-soluble  eosin  in  methyl  alcohol. 

The  solution  of  methylene  blue  is  prepared  as  follows:  Dissolve 
1  gm.  of  methylene  blue  as  thoroughly  as  possible  in  100  cc.  of  a 
0.5  per  cent  aciueous  solution  of  sodium  bicarbonate  in  an  Erlen- 
meyer  tlask.  The  flask  and  its  contents  are  then  placed  in  an  ordi¬ 
nary  steam  sterilizer  and  kept  at  100°  C.  for  l/{>  hours,  counting 
the  time  after  the  steaming  has  become  vigorous.  When  ct)ol  the 
mixture  is  fdtered  and  the  filtrate  is  the  modified  blue  solution. 
It  must  be  of  a  p:'onounced  purple  color  when  viewed  in  a  thin  layer 
by  the  transmitter!  yellow  light  of  an  ordinary  incandescent  electric 
l.Hilb.  This  color  appears  only  after  cooling. 
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V  ariations  in  the  solutions  of  the  blue  and  of  the  eosin  may 
require  that  the  proportions  given  above  be  changed  slightly.  An 
excess  of  eosin  delays  the  appearance  of  the  scum  on  the  surface 
of  the  diluted  staining  lluid  and  prolongs  the  time  required  for 
staining.  On  the  othei  hand,  an  excess  of  the  mcjdified  blue  com¬ 
ponent  hastens  the  ap[)earance  of  the  scum  and  mav  cause  over¬ 
staining  and  a  granular  precipitate  to  form  on  the  preparation. 

Method  of  Stain/ni'. — 1.  Equal  parts  of  the  staining  lluid 
and  distilled  water  are  mixed  and  immediately  poured  on  the  slide. 
At  least  2  cc.  of  the  freshly  diluted  staining  lluid  are  spread  out  over 
the  slide,  which  should  be  supi)orted  on  some  object  in  such  a  way 
as  to  prevent  the  fluid  from  running  off.  The  spreading  out  of  the 
fluid  in  a  layer  is  important,  because  it  facilitates  the  evaporation 
of  the  alcohol,  whereby  the  staining  elements  slowly  precipitate 
out  of  solution  and,  while  doing  so,  stain  the  tissue  elements.  This 
precipitate  appears  as  a  yellowish  metallic  scum  which  slowly  forms 
on  the  surface  of  the  mixture.  The  diluted  staining  fluid  is  allowed 
to  act  for  about  15  minutes,  when  the  preparation  is  immediately 
washed  in  water.  The  exact  time  required  for  the  best  results  has 
to  be  determined  for  each  batch  of  staining  fluid.  Proper  staining 
of  the  preparation  may  be  judged  by  examining  It  under  low  power 
by  artificial  light  after  pouring  back  the  diluted  staining  fluid  into 
the  container.  When  the  cytoplasm  of  the  giant  cells  has  acquired 
a  bright  red  color  and  the  fibrils  of  the  reticulum  begin  to  take  on 
a  red  color  also,  the  staining  is  stopped  by  washing  the  preparation 
in  water.  If  the  staining  is  found  not  sufficiently  intense  the  di¬ 
luted  staining  fluid  is  poured  back  on  the  preparation  and  allowed 
to  act  longer.  Overstaining  and  the  formation  of  a  black-red  gran¬ 
ular  precipitate  on  the  preparation  occur  if  the  dilut{'d  staining 
fluid  is  allowed  to  act  longer  than  a  certain  time. 

2.  Dehydrate  in  pure  acetone.  On  account  of  the  great  vola¬ 
tility  of  acetone  some  care  is  necessary  to  prevent  the  drying  of 
the  preparation. 

5.  Clear  in  xylol  or  oil  of  turpentine. 

4.  Mount  in  a  thick  solution  of  colo[)hony  in  xylol  or  oil  of 
tur|)entine. 

Before  mounting  the  preparation  the  su[)erfluous  turpentine 
should  be  removed,  because  this  reagent  ra[fldly  takes  up  water 
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from  the  air  and  thus  may  cause  eloudiuf^  of  the  preparation  or 
fading  of  the  stain. 

d'he  solution  of  colophony  is  mad('  by  saturating  a  (piantity  of 
turiH'iUine  with  powdeia'd  colo[)hony  and  keeping  th(‘  fdlered  solu¬ 
tion  in  the  paralTm  oven  until  it  has  evaiiorated  to  the  r(‘(|uired 
consistence. 

The  use  of  acetone  instead  of  alcohol  for  dehydrating  is  an 
important  feature  of  the  method,  for  the  latter  spoils  the  charac¬ 
teristic  staining  of  the  granules  in  the  giant  cells  and  platelets. 

lu'sii/tsr  'riie  blood  platelets  typically  ai')pear  as  rounded  borl- 
ies.  more  or  less  jagged  in  outline  and  composed  of  a  hyaline,  blue- 
staining  substance  in  which  are  embedded.  chieHy  in  the  central 
portions,  fine  red  to  purplish  granules.  The  cytoplasm  of  the  giant 
cells  shows  the  same  structure  and  staining  peculiarities.  The  sec¬ 
tions  should  be  examined  by  electric  light  in  order  to  bring  out  the 
colors  to  the  best  advantage.  By  this  method  all  grades  of  transi¬ 
tion  can  be  shown  between  pseudopod-like  processes  of  the  giant 
cells  or  detached  masses  of  giant  cell  cytoplasm  and  blood  platelets. 

The  Vi^inkler-Scliultze  Oxidase  Reaction. — Fixation. — Fix  in 
10  per  cent  formalin  or  in  Orth’s  fluid. 

Method  of  Staining. — 1.  Cut  frozen  sections  and  stain  in  a  mix¬ 
ture  of  alpha-naphthol  and  dimethyl-p-phenylenediamine  base  fas 
given  for  blood  smears)  for  2  to  5  minutes. 

2.  Wash  quickly  in  distilled  water  and  mount  in  glycerin,  or 

3.  Wash  for  a  short  time  in  distilled  water  and  place  the  sec¬ 
tions  for  2  to  3  minutes  in  dilute  iodine  solution  ( 1  part  Gram's 
iodine  solution  [p.  82]  to  2  parts  distilled  water ) . 

4.  Transfer  to  distilled  water  to  every  10  cc.  of  which  1  to  2 
flrops  of  a  0.5  per  cent  aqueous  solution  of  lithium  carbonate  have 
been  arlded.  Leave  for  10  minutes  to  24  hours,  until  the  granules 
become  blue. 

5.  Counterstain  with  alum  carmine  ( p.  78)  or  alum  hemat¬ 
oxylin  (j).  70). 

6.  Wash  in  water. 

7.  Emberl  in  glycerin  or  glycerin  jelly. 

Results. — Oxiflase  granules  dark  blue. 

Graham’s  Alpha-Naphthol-Pyronine  Method. — Fixation.-  - 
Fix  in  10  per  cent  formalin  and  use  freshly  cut  frozen  sections, 
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since  after  standing  24  to  28  hours  in  water  the  granules  may  fail 
to  react. 

Method  of  Staining.— I .  Stain  rather  lightly  in  alum  hemat¬ 
oxylin  (p.  70).  The  solution  must  not  be  too  acid. 

2.  Wash  in  water.  Place  in  a  saturated  aqueous  solution  of 
lithium  carbonate  (about  1.33  per  cent)  for  about  5  minutes,  and 
then  return  sections  to  water  for  a  few  minutes. 

3.  Stain  10  minutes  in  a  mixture  made  by  adding  a  2  per  cent 
aqueous  solution  of  pyronine  to  the  alcoholic  alpha-naphthol  solu¬ 
tion  ( prepared  as  described  in  the  section  on  blood  smears )  in  the 
proportion  of  1  drop  of  pyronine  to  2  cc.  of  alpha-naphthol  solu¬ 
tion.  The  mixture  must  be  prepared  immediately  before  use. 
Evaporation  may  be  prevented  by  staining  in  a  closed  container 
such  as  a  covered  Stender  dish.  Shake  gently  from  time  to  time  to 
ensure  even  exposure. 

4.  Wash  in  water,  then  place  for  15  to  20  minutes  in  a  satu¬ 
rated  aqueous  solution  of  lithium  carbonate. 

5.  Wash  thoroughly  in  several  changes  of  water. 

6.  Differentiate  and  dehydrate  in  80  per  cent  followed  by  95 
per  cent  alcohol. 

7.  Transfer  section  to  a  slide,  clear  with  xylol  by  the  blotting 
method,  and  mount  in  balsam. 

Results. — Granules  intense  red;  nuclei  greenish  blue  to  blue. 
Graham’s  Benzidine  Stain  for  Oxidase  Granules. — Fixa¬ 
tion. — Fix  in  10  per  cent  formalin. 

Staining  Solution. — Use  the  same  benzidine  solution  that  is  used 
for  blood  smears. 

Alethod  of  Staining. — 1.  Cut  frozen  sections  and  stain  in  the 
benzidine  solution  for  5  minutes. 

2.  Wash  in  water. 

3.  Counterstain  rather  deeply  in  alum  hematoxylin  (p.  70). 

4.  Wash  in  several  changes  of  water. 

5.  Dehydrate  in  80  per  cent  followed  by  95  per  cent  alcohol. 

6.  Clear  on  the  slide  by  the  blotting  paper  xylol  method  and 
mount  in  balsam. 

Results. — Essentially  the  same  as  in  blood  smears. 

Sato’s  Method  for  Peroxidase  Granules. — Fixation.- -¥\\  in 
10  per  cent  formalin  or  in  Orth’s  tluid. 

Method  of  Staining. — 1.  Cut  frozen  sections  and  stain  them  in 
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tlie  same  wav  as  blood  smears,  but  alter  the  salranine  stain  wash 
in  water,  dehydrate  in  95  per  eent  alcoliol,  clear  in  oil  of  orij>;anum 
and  mount  in  balsam. 

/vr.s7///.9.— Results  are  the  same  as  in  blood  smears. 

McJimkin’s  Benzidine  Stain  for  Paraffin  Sections  (  1922- 

25). — Fixation.  ~¥\\  in  10  per  cent  formalin. 

F..})ibcddi}ig. — 1.  Pieces  of  formalin-hxed  tissue  1  mm.  thick  are 
placed  in  70  per  cent  acetone  for  1  hour. 

2.  Dehydrate  in  acetone  for  50  minutes. 

5.  Clear  in  benzol  for  20  minutes. 

4.  Embed  in  paraffin  oven  for  20  minutes. 

Staining  Solution.— 

Benzidine  Solution 

Alcohol,  80  per  cent  methyl  25  cc. 

Benzidine  0.1  gm. 

Hydrogen  peroxide  2  drops 

Method  of  Staining. — Sections  3.5  to  5  /'-in  thickness,  cut  in  the 
usual  wvay,  are  attached  to  slides  with  IMayer’s  albumin-glycerin 
fixative  and  allowed  to  dry  overnight  at  room  temperature. 

1.  Remove  paraffin  with  benzol  (20  seconds)  and  acetone 
(10  seconds). 

2.  Wash  in  w^ater  for  a  few  seconds.  Remove  the  excess  water 
and  apply  the  benzidine  solution  diluted  with  1  to  2  parts  of  dis¬ 
tilled  water  for  5  minutes.  Two  parts  give  less  intense  staining. 

5.  Wash  in  water  for  5  minutes. 

4.  Stain  with  alum  hematoxylin  (p.  72)  for  2  minutes. 

5.  Wash  in  water  1  minute. 

6.  Stain  with  0.1  per  cent  aqueous  solution  of  eosin  for  20 
seconds. 

7.  Dehydrate  with  95  per  cent  alcohol  for  50  seconds  and  abso¬ 
lute  alcohol  for  5  seconds. 

8.  Clear  in  xylol  and  mount  in  balsam. 

Residts. — The  reacting  cytoplasm,  which  is  arranged  in  the  form 
of  more  or  less  definite  granules,  is  colored  yellow  to  brown.  The 
initial  color  formed  is  blue,  but  this  soon  changes  to  browui. 

Note:  We  have  found  that  when  tissues  have  been  fixed  for  a 
considerable  period  of  time  in  10  jier  cent  formalin,  and  as  a  result 
the  peroxidase  reaction  has  become  weak  or  negative,  this  reaction 
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Cell!  be  revived  by  lr(“atinf^  I  lie  frozen  sections  for  a  fevv'  minutes 
with  a  2.5  |)er  cent  aciueous  solution  of  potassium  bichromate.  The 
sections  are  then  washed  in  water  and  the  staining  is  carried  out 
as  usual. 

4.  Lymph  Nodes 

Routine  fixatives  and  stains  are  practically  all  that  is  necessary 
for  the  study  of  the  lym[)h  nodes.  Mallory’s  aniline  blue  and  the 
reticulum  stains,  as  well  as  phosphotungstic  acid  hematoxylin,  are 
valuable  for  bringing  out  sharply  the  finer  collagen  fibrils  and  their 
networks,  the  so-called  reticulum.  The  various  bacterial  stains  are 
used  for  infectious  lesions. 

for  hematological  studies  sections  of  lymph  nodes  may  be 
stained  by  Giemsa’s  method.  In  cases  of  leukemia  the  oxidase 
reaction  may  be  of  importance. 

5.  Spleen 

Owing  to  the  presence  usually  of  a  large  amount  of  blood  in 
this  organ,  sections  of  the  spleen  must  be  cut  very  thin,  preferably 
not  over  2  to  3  mm.  thick,  because  the  blood  prev'ents  the  deep  pene¬ 
tration  of  the  fixing  fluid.  If  the  spleen  is  very  soft  it  is  sometimes 
advisable  to  cut  the  sections  parallel  with  the  surface  so  as  to  in¬ 
clude  the  capsule,  which  tends  to  hold  the  tissue  together. 

Zenker’s  fluid  is  an  excellent  fixative  for  routine  stains,  but 
formalin  is  preferable  for  certain  purposes,  such  as  the  amyloid 
reaction,  for  the  preservation  of  fat,  and  for  oxidase  reactions  in 
cases  of  leukemia,  myeloiioiesis,  and  so  on. 

Smears  made  of  the  splenic  pulp  suspended  in  serum  may  be 
stained  supravitally  (p.  189)  or  with  the  stains  given  for  the  blood 

(p.  180). 

6.  Respiratory  System 

In  the  preservation  of  the  lungs  it  is  important  to  save  portions 
that  have  not  been  squeezed,  so  that  the  relations  of  the  exudations 
will  not  be  changed  or  the  alveoli  compressed.  Thin  slices  are 
usually  preferable  to  cubical  pieces,  and  should  be  cut  with  a  very 
sharp  knife  in  order  not  to  compress  the  tissue.  They  should  be 
dropped  immediately  into  the  fixing  fluid  before  the  contents  of 
the  bronchi  and  small  cavities  have  had  time  to  run  out.  An  em¬ 
physematous  lung  is  so  delicate  that  it  is  usually  better  to  inject  a 
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whole  lung  throuj^h  (he  l)roncln  with  the  fixin^^  Huid  or  to  snip  out 
small  |)iee('s  with  scissors.  Some  of  the  sections  of  the  lunj^s  should 
be  taken  through  the  base  so  as  to  include  (he  larger  bronchi. 

The  most  common  and  impurtant  lesions  of  (he  lungs  ar(‘  of  an 
intectious  nature  and  include  lobar  and  bronchopneumonia  and 
abscesses.  They  are  caused  by  a  variety  of  organisms,  of  which  the 
most  common  are  the  pneumococcus,  the  streptococcus,  Staphvlo- 
(ornis  annus  and  the  tubercle  bacillus,  d'he  various  bacterial 
stains  are  used  for  their  demonstration. 

Much  librin  is  usually  jiresent  in  the  lesions  and  is  well  brought 
out  by  routine  stains,  especially  by  phosphotimg.-.tic  acid  hematox- 
\lin.  Weigert's  fibrin  stain  is  sometimes  useful.  Organization  of 
fibrin  is  especially  well  demonstrated  by  Mallory’s  aniline  blue  stain 
and  is  often  found  after  pneumonia  and  in  tuberculous  lesions, 

7.  Digestive  System 

(1)  TEETH 

The  enamel  is  produced  by  the  ameloblasts.  epithelial  cells  of 
ectodermal  origin.  These  cells,  of  cylindrical  shape,  are  character¬ 
ized  by  having  their  nuclei  situated  at  the  ends  away  from  the 
stroma  and  they  produce  enamel  prisms  which  fuse  into  a  homo¬ 
geneous  substance  and  become  calcified  to  form  the  enamel  cov'er- 
ing  the  exposed  end  of  the  tooth.  The  mesenchymal  cells  adiacent 
to  the  layer  of  ameloblasts  become  stretched  in  a  radial  direction 
and  are  transformed  into  odontoblasts.  These  are  important  for 
the  formation  of  dentine,  another  homogeneous  .substance,  which 
also  becomes  calcified  and  which,  like  enamel,  contains  no  cells. 
Later  the  odontoblasts  form  a  layer  of  true  bone,  outside  of  the 
dentine,  covering  the  root  of  the  tooth,  the  so-called  cementum. 
Ei)ithelial  fibrils  penetrate  delicate  canals  in  the  enamel  and  fibro- 
glia  fibrils  in  like  manner  penetrate  the  dentine. 

Fixation.^  -The  usual  fixatives  are  satisfactory.  Fetal  tissue  of 
various  ages  furnishes  the  best  material  for  the  study  of  the  devel¬ 
opment  and  structure  of  the  teeth.  Extracted  teeth  are  excellent 
for  the  study  of  degenerative  and  infectious  |)roces.ses.  Necessarily 
decalcification  must  be  thorough  and  must  follow  fixation.  It  can 
be  hastened  by  first  sawing  the  fixed  tooth  into  very  thin  slices. 

Stam'nv^.  I’hosphotungstic  acid  hemato.xylin  after  Zenker  fixa¬ 
tion  is  useful  in  bringing  out  clearly  the  epithelial  and  libroglia 
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fibrils  and  showinfj;  their  penetration  into  the  enamel  and  dentine. 
It  stains  enamel  blue-black  and  the  dentine  brownish.  The  routine 
stains  ttive  a  good  idea  of  the  pathological  changes  present.  For 
study  of  the  infectious  lesions,  the  phloxine-methylene  blue,  and  the 
various  bacterial  stains  should  be  used. 

(2)  SALIVARY  GLANDS 

'Fhe  .salivary  glands  are  composed  of  two  tyjies  of  glands,  the 
mucous  and  the  serous,  which  may  be  grouped  separately  or  in 
various  combinations.  At  the  base  of  some  of  the  glands  basket 
cells  with  epithelial  fibrils  occur.  The  epithelial  cells  may  contain 
eosinophilic  and  zymogen  granules,  also  mucigen  droplets,  and  ex¬ 
trude  serous  and  mucous  secretions. 

Fixation. — Zenker’s  fluid,  10  per  cent  formalin  and  alcohol  suf¬ 
fice  for  most  purposes. 

Staining. — The  routine  stains  show  most  of  the  structures  pres¬ 
ent.  Phosphotungstic  acid  hematoxylin  stains  the  fibrils  of  the 
basket  cells  sharply  after  fixation  in  Zenker’s  fluid.  Mucus  can  be 
demonstrated  by  Mayer’s  mucicarmine  stain  after  fixation  in 
alcohol. 

(3)  GASTRO-INTESTINAL  TRACT 

Portions  of  the  stomach  and  intestine  should  be  fixed  as  soon 
after  death  as  possible  for  satisfactory  study  because  the  gastro¬ 
intestinal  tract  undergoes  postmortem  changes  so  rapidly.  It  has 
been  suggested,  in  appropriate  cases  where  an  autopsy  is  allowable, 
to  inject  the  stomach  with  the  desired  fixing  solution  by  means  of 
a  rubber  tube  as  soon  after  death  as  feasible.  Under  no  circum¬ 
stances  should  the  mucous  surface  of  the  stomach  or  intestine  be 
washed  with  water.  Use  either  physiological  salt  solution  or  the 
fixing  fluid.  It  is  important  to  keep  the  tissue  flat  while  hardening. 
This  can  usually  be  done  by  placing  it,  with  the  peritoneal  surface 
down,  on  thick  filter  paper,  to  which  it  readily  adheres.  Sometimes 
it  is  necessary  to  pin  the  specimens  down  at  the  edges  on  flat  pieces 
of  cork  and  then  invert  them  in  the  fixative.  Do  not  let  the  surface 
dry  before  the  specimen  is  placed  in  the  fixing  solution. 

Fixation.  -Zenker’s  Huid  can  be  highly  recommended  but  for¬ 
malin  and  alcohol  are  sometimes  useful.  .\s  a  fixative  for  the  vari¬ 
ous  granules  in  the  epithelial  cells  Maximow  recommends  Heiden- 
hain's  corrosive  sublimate-osmic  acid  mixture  (ecjual  parts  of  a 
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1  pt'r  cent  aciuenus  solution  of  osinic  acid,  and  a  saturated  solution 
(.)f  corrosive  sublimate  |  about  ().9  per  cent  | )  followed  by  thorough 
washing;  in  tap  water. 

Four  ly[x's  of  epithelial  cells  occur  in  the  stomach: 

(1)  C'hiet  or  zymogenic  cells,  containing  zymogen  granules  (which 
probably  give  rise  to  the  pepsin  of  llu*  gastric  juice)  which  are 
dillicidt  to  hx  and  stain;  and  prozymogen  granule's,  which  stain  with 
basic  dyes.  es[)ecially  iron  hematoxylin  and  toluidine  blue.  (2) 
Tarietal  cells  (which  probably  [produce  the  hydrochloric  acid  of 
the  gastric  juice)  which  stain  with  acid  dyes  such  as  phloxine,  eosin 
and  Congo  red.  They  also  contain  a  basket-like  network  in  their 
cytojdasm  which  is  best  brought  out  by  the  methods  for  the  (iolgi 
apparatus.  (3)  iNIucous  cells  which  contain  granules  of  mucigen 
or  of  mucus  of  a  peculiar  kind,  not  precipitated  by  acetic  acid. 
These  granules  can  be  stained  by  mucicarmine  and  by  Mallory’s 
aniline  blue  stain.  (4)  Argentaflin  cells,  which  occur  rarely  in  the 
stomach  (see  intestine). 

Four  types  of  epithelial  cells  also  occur  in  the  intestine:  (1) 
epithelial  cells,  which  are  stained  well  by  phloxine-methylene  blue; 

(2)  goblet  cells,  the  mucus  of  which  is  shown  up  well  by  Mallory’s 
aniline  blue  stain;  (3)  the  cells  of  Paneth,  wTich  stain  well  with 
iron  hemato.xylin;  and  (4)  argentafl'm  cells,  or  cells  of  Kultschitzsky, 
which  are  best  stained  according  to  the  directions  given  by  Masson. 

Masson’s  Silver  Method  for  Argentaffin  Cells  in  Blocks 
(1928). — Fixation. — Fix  blocks  of  tissue  in  Bonin’s  solution  for 
3  days.  Cut  slices  2  to  3  mm.  thick  and  wash  them  in  running  water 
for  24  hours. 

Staining  Solution. —  To  100  cc.  of  a  20  per  cent  aqueous  solu¬ 
tion  of  silver  nitrate  add  ammonia  water  drop  by  drop,  shaking 
well  until  the  precipitate  of  silver  oxide  is  just  di-ssolved.  Add  a 
few  drops  of  the  20  per  cent  silver  nitrate  solution  until  there  is  a 
persistent  opalescence.  The  Iluid  should  have  no  odor  of  ammonia. 
.\dd  distilled  water  to  200  cc.,  the  solution  now  containing  10  per 
cent  silver  nitrate.  Keep  in  a  clean  glass  bottle  and  fdter  just 
before  use. 

Method  of  Staining.~-\.  Place  blocks  for  24  hours  in  a  solution 
of  2  drops  of  ammonia  water  to  100  cc.  of  distilled  water. 

2.  Impregnate  for  24  hours  in  the  ammoniacal  silver  nitrate 
solution  diluted  with  3  volumes  of  distilled  water. 


20{)  l>A'l'Il()I.()(;i('AL  TIOCIINK^UE 


3.  Rinse  in  distilled  water. 

4.  Tone  in  Cajal's  mixture  for  24  hours. 

Ammonium  sulfocyanide  3  gm. 

Sodium  thiosulfate  3  gm. 

Water,  distilled  100  cc. 

(lold  chloride,  1  per  cent  aqueous  solution  1  cc. 


5.  Wash  in  water  for  several  hours. 

6.  Embed  in  paraffin  or  celloidin. 

7.  Cut  sections  and  mount  without  counterstaining. 

Results. — All  argentaffin  granules  opaque  black;  nuclei 

brownish. 

The  phloxine-methylene  blue  stain  after  Zenker’s  fixation  gives 
the  best  general  picture  of  the  normal  histology  of  the  gastro¬ 
intestinal  tract.  The  nuclei  and  the  eosinophilic  granules  stain  bril¬ 
liantly.  IVIitochondrial  stains  are  sometimes  advisable. 

In  the  study  of  the  pathological  lesions  of  the  stomach  and  in¬ 
testine  the  phloxine-methylene  blue  method  holds  the  first  place. 
It  stains  distinctly  the  nuclei,  bacteria,  and  acidophilic  granules  and 
cytoplasm.  For  this  reason  it  is  particularly  valuable  in  the  study 
of  the  changes  occurring  in  the  lesions  of  typhoid  fever. 

In  the  lesions  caused  by  Endamoeba  histolytica  and  Dalantidium 
coli  the  phosphotungstic  acid  hematoxylin  stain  is  especially  useful. 
It  colors  intensely  the  ectosarc  of  the  Endamoeba  and  the  cilia  of 
the  Balantidium.  Another  useful  stain  for  the  Endamoebae  is 
Mallory’s  thionin  oxalic  acid  method  ( p.  297)  after  alcohol  or  for¬ 
malin  fixation.  It  stains  the  nuclei  of  the  End  imocbae  differentially, 
red  instead  of  blue. 

Tuberculous  lesions  necessarily  call  for  stains  lor  the  tubercle 
bacillus;  other  infectious  lesions  for  the  various  bacterial  stains. 

(4)  LIVER 

Lesions  of  the  liver  are  common,  of  considerably  variety  and 
of  much  importance.  Some  are  uniformly  distributed,  others  occur 
focally.  Slices  of  tissue  for  fixation  should  be  cut  accordingly  and 
should  not  be  limited  exclusively  to  the  subcapsular  regions.  The 
routine  stains  advised  will  demonstrate  well  most  of  the  lesions,  but 
certain  [joints  require  special  mention. 

The  phloxine-methylene  blue  method  reveals  necrotic  cells  dis- 
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tiiictly.  staining  them  a  deep  reddish  color.  Nuclei  and  organisms, 
if  present,  are  in  sharp  contrast  colored  blue.  Org.anisms  are  best 
brought  out  by  the'  bacterial  stains. 

.Mcohol  taxation  and  special  staining  methods  are  re(|uired  for 
glycogen,  amyloid  and  hemosiek'rin.  d'he  same  hxation  is  needed 
in  onh'f  to  d(‘monst rale  copper  in  eases  of  hemochromatosis  (]).  1,^9). 

In  one  type  of  cirrhosis,  usually  associated  with  the'  drinking 
of  alcoholic  beverages,  but  occurring  occasionally  in  young  children 
and  therefore  not  due  to  alcohol  per  sr,  there  is  a  peculiar  type  of 
lesion  occurring  in  the  liver  cells  and  often  spoken  of  as  “alcoholic 
hyalin."  It  is  diagnostic  of  that  type  of  cirrhosis.  This  hyalin 
gi\es  two  special  reactions.  It  stains  by  the  methods  devised  for 
phosphates  and  it  also  gives  the  hematoxylin  test  for  lead  ( ji.  14.3). 
.\fter  Zenker  fixation  it  is  stained  intensely  red  by  the  phloxine- 
methylene  blue  method  and  deep  blue  by  phosphotungstic  acid  hema¬ 
toxylin.  It  is  also  colored  deep  blue  by  Mallory’s  iron  chloride 
hematoxylin  stain  after  fixation  in  alcohol  and  in  formalin.  This 
intense  staining  by  all  three  methods  applies  only  to  fresh,  recently 
formed  hyalin.  Old  hyalin  stains  poorly  or  not  at  all. 

Mallory’s  Phloxine  Stain  for  Alcoholic  Hyalin. — This  is  a 
useful  and  simple  stain. 

Fixation. — Alcohol  or  10  per  cent  formalin.  Embed  in  celloidin 
or  paraffin. 

Method  of  Staining. —  1.  Stain  nuclei  with  alum  hematoxylin 
( p.  70 ). 

2.  Wash  in  tap  water. 

.3.  Stain  deeply  with  a  0.5  per  cent  solution  of  phloxine  in 
20  per  cent  alcohol  for  10  to  30  minutes  or  longer. 

4.  Wash  in  tap  water. 

5.  Immerse  in  a  0.1  per  cent  aqueous  solution  of  lithium  car¬ 
bonate  for  .30  to  60  seconds. 

6.  Wash  in  tap  water. 

7.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

8.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  clear  in  oil  of  origanum  or  ter[)ineol 
after  95  |H‘r  cent  alcohol  and  mount  in  balsam. 

Results. — Fresh  hyalin  is  stained  intensely  red;  older  hyalin 
[)ink  to  colorless;  nuclei  blue. 

Mallory’s  Thionin  Stain  for  Alcoholic  Hyalin. — The  method 
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is  sinii)Ie  and  gives  a  very  sharj)  stain  of  the  early  stages  of  hyalin 
formation. 

Fixation,  hix  in  95  per  cent  alcohol  or  10  per  cent  formalin. 
Embed  in  celloidin  or  paraffin. 

Method  oj  Stainin^.^i.  Stain  sections  for  5  to  10  minutes  in  a 
0.5  per  cent  solution  of  thionin  in  20  per  cent  alcohol. 

2.  Differentiate  and  dehydrate  for  .several  minutes  in  80  per 
cent  followed  by  95  per  cent  alcohol. 

3.  Clear  in  terpineol. 

4.  IVIount  in  terpineol  balsam. 

Results. — Nuclei  blue;  fine  and  coarse  granules  and  networks 
formed  from  them  red  to  purple;  old  hyalin  blue. 

In  addition  to  the  aniline  blue  stain  for  collagen  and  reticulum, 
which  is  particularly  useful  for  the  study  of  chronic  passive  con¬ 
gestion,  hemorrhagic  central  necrosis  and  cirrhosis,  a  silver  stain 
for  reticulum  is  sometimes  advisable. 

The  bile  capillaries  may  be  demonstrated  by  the  same  method 
that  is  used  for  neuroglia  fibrils,  namely,  fixation  in  Zenker’s  fluid, 
followed  by  staining  in  phosphotungstic  acid  hematoxylin.  The 
treatment  with  potassium  permanganate  and  oxalic  acid  must  be 
more  prolonged  than  usual,  however,  otherwise  the  albuminous 
granules  in  the  cytoplasm  will  stain  too  deeply  and  obscure  the 
capillaries. 

(5)  PANCREAS 

Interesting  and  valuable  work  has  been  done  on  the  normal  his¬ 
tology  of  the  pancreas,  especially  with  reference  to  the  cytoplasmic 
granules  in  the  different  kinds  of  cells  of  the  ducts,  glands  and  islets. 
Some  attempt  has  been  made  to  apply  the  methods  to  the  lesions 
of  the  pancreas,  more  particularly  to  those  associated  with  the  syn¬ 
drome  known  as  diabetes  mellitus.  The  results  so  far  obtained  are 
promising  and  encourage  further  study  along  the  same  lines.  One 
point  to  be  borne  in  mind  is  that  postmortem  changes  take  |ilace 
very  quickly  in  the  pancreas. 

For  routine  microscopic  study  of  the  pancreas,  fixation  in  Zen¬ 
ker’s  fluid  and  staining  by  the  phloxine-methylene  blue  method  are 
recommended.  The  zymogen  granules  do  not  stain  intensely  after 
this  procedure,  as  in  the  glands  of  the  stomach  and  intestine,  but 
require  special  methods  for  their  demonstration.  Staining  with 
phosphotungstic  acid  hematoxylin  after  fixation  in  formalin  is  some- 
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times  useful,  esjieeially  for  zymoffeu  granules.  l''ixalion  in  formalin 
is  also  advisable  for  eeiiain  other  purposes,  such  as  examina¬ 
tion  for  fat,  while  aleolrol  is  the  best  fixtitive  for  hemosiderin  and 
amyloid. 

For  the  s]'»eeiric  granules  of  the  alpha  and  beta  cells  in  lh(‘  islets 
of  the  pancreas,  the  best  techniciue,  in  Hensley’s  opinion,  is  the 
neutral  gentian  (crystal  violet)  stain  after  fixation  in  Zenker’s  lluid 
minus  acetic  acid,  as  the  latter  dissolves  both  the  mitochondria  and 
the  characteristic  granules  of  the  islet  cells. 

Bensley’s  Neutral  Crystal  Violet  Stain  for  the  Pancreas 
( 1912  ).-  Fixation. — Zenker’s  lluid  without  acetic  acid  for  24  hours. 
Kmbed  in  paraffin. 

Staining  Solntio)!. — The  stain  used  by  Bensley  is  the  neutral  dye 
obtained  when  a  solution  of  crystal  violet  is  precipitated  by  its 
equivalent  of  a  solution  of  orange  G.  The  dye  is  prejiared  in  the 
following  way:  1  gm.  of  crystal  violet  is  dissolved  in  25  cc.  of  dis¬ 
tilled  water,  and  1  gm.  of  orange  G  is  dissolved  in  25  cc.  of  distilled 
water.  Add  these  two  solutions  together,  shaking  gently  until  prac¬ 
tically  complete  precipitation  has  taken  place.  Filter  and  wash  the 
precipitate  with  water  at  once.  Drain  and  dry.  Dissolve  the 
residue  in  25  cc.  of  absolute  alcohol. 

F’or  staining,  add  the  stock  solution  of  this  neutral  compound 
to  20  per  cent  alcohol  until  a  solution  having  the  color  of  a  good 
hemalum  solution  is  obtained.  Allow  this  solution  to  stand  24  hours 
to  permit  the  excess  of  dye  to  separate  out. 

Method  of  Staining. — 1.  Stain  sections  in  the  neutral  crystal 
violet  solution  for  24  hours. 

2.  Blot  slide  between  several  layers  of  fdter  paper. 

3.  Dehydrate  in  acetone. 

4.  Place  sections  in  toluol  or  xylol. 

5.  Differentiate  in  a  mixture  of  absolute  alcohol  1  part  and  oil 
of  cloves  3  parts. 

6.  Rinse  with  toluol  or  xylol  and  mount  in  balsam. 

Results. — The  alpha  cells  in  the  islands  of  Langerhans  contain 
orange-red  granules:  the  beta  cells  have  violet  granules;  zymogen 
granules  of  the  exocrine  cells  are  violet;  and  the  background  is 
brown. 

Goodpasture’s  Eosin-Methylene  Blue  Stain  for  the  Pan¬ 
creas  (  1917).— Goodpasture  has  found  eosin  and  his  acid  poly- 
14 
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chrome  methylene  blue  solution  a  very  useful  method  for  staining 
(liileientially  the  zymogen  and  the  alpha  and  beta  granules  after 
fixation  in  Helly’s  or  in  Orth’s  fluid  made  up  with  neutral  formalin. 
hixation. — 1.  Imx  thin  pieces  of  fresh  pancreas  for  24  hours  in; 


Formalin,  neutral  10  cc. 

Zenker’s  fluid  without  acetic  acid  90  cc. 

or  in; 

Formalin,  neutral  10  cc. 

Potassium  bichromate,  2.5  per  cent  aqueous 
solution  90  cc. 


2.  Wash  in  running  water  24  hours.  Embed  in  paraffin. 

Method  of  Staining. — 1.  After  removing  the  paraffin  in  the 
usual  way,  place  sections  in  potassium  permanganate,  1  per  cent 
aqueous  solution,  for  1  minute. 

2.  Transfer  to  oxalic  acid,  5  per  cent  aqueous  solution,  for  1 
minute. 

3.  W^ash  thoroughly  in  water. 

4.  Stain  in  an  aqueous  solution  containing  1  per  cent  eosin 
and  1  per  cent  potassium  bichromate  for  1  to  5  minutes. 

5.  Rinse  quickly  in  water. 

6.  Stain  in  acid  polychrome  methylene  blue  ( p.  85 )  1  to  5 
minutes. 

7.  Rinse  quickly  in  water. 

8.  Differentiate  rapidly  in  95  per  cent  alcohol  and  dehydrate 
in  absolute  alcohol. 

9.  Clear  in  xylol  and  mount  in  balsam. 

Results. — In  properly  stained  sections  zymogen  granules  stain 
deep  purple;  cytoplasm  light  blue;  nuclei  light  purple;  alpha  gran¬ 
ules  brick  red,  and  beta  granules  dark  blue. 

Bensley’s  Modification  of  Mallory’s  Aniline  Blue  Stain  for 
the  Pancreas  (W^arren,  1930). — Fixation. — Fix  in  Helly's  fluid 
for  4  to  24  hours.  Fresh  fixation,  within  40  minutes  postmortem, 
is  necessary  for  satisfactory  results. 

Staining  Solution. — 

.Aniline  blue  soluble  in  water  0.5  gm. 

Orange  G  2  gm. 

Whiter,  distilled  100  cc. 
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Any  trace  ol  aninionia  in  the  (listill('(l  wati'r  interf('res  with  the 
>tain.  l*y  sli,a:lu  increase  in  the  amount  of  oran.ye  (i  it  is  possible 
to  stain  the  zymoyen  fj;ranules  orant'cc 

Method  0}  Staiii/iii^.-  1.  Slain  in  Altmann’s  aniline  acid  fuchsin 
>tain  iju  92)  lor  10  minutes. 

2.  Wash  rapidly  in  distilled  water. 

3.  Place  in  a  1  per  cent  aciueous  solution  of  [)hosphomolybdic 
acid  for  10  minutes. 

4.  Stain  in  the  aniline  blue-orange  G  solution  for  1  hour  or  less. 

5.  Ditterentiate  in  95  per  cent  alcohol  until  color  no  longer 
comes  out  in  clouds  and  dehydrate  in  absolute  alcohol. 

0.  (dear  in  xylol  and  mount  in  balsam. 

y\C5////5.—  Alpha  cells  show  rather  scanty  orange-red  granules; 
beta  cells  show  bluish  granules;  duct  epithelium  is  a  very  light  blue; 
acinar  cells  are  bluish  purple,  occasionally  with  orange  zymogen 
granules;  red  blood  cells  are  red. 

Bensley’s  Acid  Fuchsin-Methyl  Green  Stain  for  the  Pan¬ 
creas  (  1912). — Fixation. — Fix  for  24  hours  in  acetic-osmic-bichro- 
mate  made  up  as  follows: 

Osmic  acid,  4  per  cent  aqueous  solution  2  cc. 

Potassium  bichromate,  2.5  per  cent  aqueous 


solution 

Acetic  acid,  glacial 


8  cc. 

1  drop 


Embed  in  paraffin  and  cut  sections  4  /<■  thick.  Tissues  fixed  in 
Zenker's  liiiid  can  also  be  stained  by  this  method. 

Method  oj  Stain/ng. —  1.  Attach  sections  to  slides  by  the  water 
method,  free  them  from  paraffin  by  toluol,  pass  them  through  abso¬ 
lute  alcohol  to  water. 

2.  Treat  with  1  per  cent  aqueous  potassium  permanganate  for 
1  minute. 

3.  Place  in  5  per  cent  oxalic  acid  for  1  minute. 

4.  Wash  thoroughly  in  water. 

5.  Stain  for  5  minutes  in  Altmann’s  aniline  acid  fuchsin  solu¬ 
tion  (p.  92)  which  has  been  previously  warmed  to  60°  G. 

6.  Wash  thoroughly  in  distilled  water. 

7.  Dip  for  an  instant  into  a  1  per  cent  aqueous  solution  of 
methyl  green. 

S.  Wash  in  v/ater. 
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9.  Dehydrate  rapidly  in  absolute  alcohol  (avoid  dilute  al¬ 
cohols  ) . 

10.  Clear  in  toluol  and  mount  in  balsam. 

Kcsii/ts. — This  stain  after  the  acetic-osmic-bichromate  fixation 
has  the  advantage  that  it  differentiates  all  epithelial  elements  of  the 
pancreas  including  granular  contents  and  mitochondria  in  a  single 
preparation.  Acinus  cells  green  with  green  nuclei;  zymogen  gran¬ 
ules  red;  basal  filaments  and  mitochondria  red;  granules  of  A  cells 
deep  red;  granules  of  B  cells  green. 

For  demonstration  of  zymogen  granules  fixation  in  10  per  cent 
neutral  formalin,  followed  by  phosphotungstic  acid  hematoxylin, 
gives  excellent  results.  Organisms  in  infectious  lesions  may  be 
brought  out  by  the  various  bacterial  stains. 

8.  Excretory  System 

Sections  of  the  kidney  for  microscopic  examination  should  run 
vertically  through  both  cortex  and  medulla.  The  latter  is  espe¬ 
cially  important  in  studying  the  deposit  of  glycogen.  In  cases  of 
chronic  nephritis  the  capsule  should  not  be  peeled  from  the  parts 
of  the  kidney  to  be  fixed.  It  is  important  that  tissue  be  fresh, 
owing  to  the  rapid  postmortem  changes  that  take  place  in  this 
organ. 

Fixation. — Zenker’s  fluid  and  formalin  as  fixatives  answer  most 
purposes,  but  alcohol  (95  per  cent  or  absolute)  is  required  to  pre¬ 
serve  glycogen,  hemosiderin  and  certain  crystalline  deposits.  For¬ 
malin  has  to  a  large  extent  replaced  Flemming’s  solution  as  a 
fixative  for  fat  to  be  stained  by  the  scarlet  red  method.  Fixation 
by  boiling  is  still  used  to  demonstrate  any  albuminous  exudate  in 
the  capsular  space.  Paraffin  embedding  is  generally  to  be  preferred, 
particularly  when  lesions  of  the  glomeruli  are  present. 

Staining. — The  general  staining  methods  already  recommended 
will  be  found  the  most  satisfactory,  especially  the  phloxine-methyl- 
ene  blue  stain  for  general  purposes  and  particularly  for  infectious 
lesions,  which  are  usually  due  to  the  Gram-negative  colon  bacillus. 
Mitochondrial  stains  arc  .sometimes  valuable. 

Much  of  the  intensive  work  on  the  kidney  has  been  done  with 
the  aniline  blue  stain  because  it  brings  out  sharply  the  collagenous 
walls  of  the  capillaries  in  the  glomerular  tufts.  It  also  colors  the 
hyaline  droifiets  often  present  in  renal  cells,  staining  them  light 
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to  (loop  blue,  rhc  procoduro  recomincndc'd  is  Loc-Hi'own  s  modi¬ 
fication  of  Mallory's  aniline  blue  stain  for  use  on  kidney  tissue 
(  p.  1 55  ) 

rhosphotunu;stic  acid  lieinatoxylin  stains  the  granules  in  the 
cytoplasm  of  the  renal  cells  fairly  dei-ply  but  otherwise  is  not  [lar- 
ticularly  useful.  Special  methods  needed  on  occasions  are  the  vari¬ 
ous  bacterial  stains,  liest's  carmine  stain  for  fijlycogen,  scarlet  red 
for  fat,  crystal  violet  for  amyloid,  and  Kdssa’s  stain  for  calcium. 
Uric  acid  and  sodium  biurate  crystals  re(|uire  a  high  content  of 
alcohol  in  the  staining  and  washing  lluids  and  a  minimum  exposure 
to  each.  The  alum  hematoxylin  sta.in  for  sodium  urate  (p.  145) 
under  these  conditions  gives  excellent  results.  For  the  demonstra¬ 
tion  of  uric  acid  and  urates  in  sections  Schultz  and  Schmidt  devised 
a  satisfactory  method  ( p.  146). 

9.  Reproductive  System 

(1)  MALE  GENITAL  SYSTEM 

Most  of  the  histological  work  on  the  genital  organs  is  done  with 
the  routine  fixatives  and  stains.  Few  special  methods  are  called 
for.  Bacterial  stains  are  of  importance  in  infectious  diseases. 

Testes. — The  cells  peculiar  to  these  organs  are  the  seminiferous 
epithelial  cells  which  give  rise  to  the  spermatozoa.  The  numerous 
mitotic  figures  in  them  and  the  heads  of  the  spermatozoa  are  stained 
intensely  by  phosphotungstic  acid  hematoxylin.  In  the  stroma  are 
found  certain  interstitial  cells  of  mesenchymal  origin  which  often 
contain  varying  amounts  of  lipoid,  pigment  and  crystalloid 
structures. 

Seminal  "Vesicles. — The  epithelium  lining  the  lumen  of  the 
seminal  vesicles  contains  numerous  granules  of  a  yellow  pigment, 
which  is  fatty  in  nature  and  makes  its  first  appearance  at  the  time 
of  puberty. 

Prostate. — The  smooth  muscle  cells  present  in  great  numbers 
are  best  brought  out  by  phosphotungstic  acid  hematoxylin  and  by 
the  aniline  blue  stains. 

("2)  FEMALE  GENITAL  SYSTEM 

Interest  for  the  pathologist  centers  chietly  in  the  lesions  of  the 
uterus,  tubes  and  ovaries. 

Fixation. — Zenker’s  lluid  gives  the  best  results  but  formalin  and 
alcohol  are  sometimes  necessary. 


214 


p A'l'i r( ) T .( )( ; I f ' A  [ ,  'I'E nixiQ [ jf: 


Stamhijj;. — The  phloxine-methylene  blue  stain  gives  the  best  gen¬ 
eral  view  of  any  pathological  changes  that  have  taken  place.  The 
aniline  blue  stain  and  the  bacterial  stains  are  often  useful. 

Ovaries. — Two  structures  are  peculiar  to  these  organs  and  of 
much  interest.  The  first  are  the  ova  which  are  well  shown  by  the 
loutine  stains,  and  the  second  are  the  corpora  haemorrhagica  and 
lutea.  The  luteal  cells  are  enlarged  fibroblasts  with  numerous, 
somewhat  coarse  libroglia  fibrils  which  are  rendered  verv  prom¬ 
inent  by  phosphotungstic  acid  hematoxylin  after  Zenker  fixation. 
The  changes  in  the  blood  pigment  from  hemoglobin  to  hemofuscin 
and  then  to  hemosiderin  are  best  shown  after  alcohol  fixation  by 
the  regular  stain  for  iron  followed  by  basic  fuchsin. 

Fallopian  Tubes. — The  lesions  are  chielly  of  an  inflammatory 
nature  (gonorrheal  infection)  and  are  well  shown  by  the  routine 
stains.  Tubal  pregnancy  sometimes  occurs  and  the  cell  changes 
are  similar  to  those  in  the  uterus  under  the  same  conditions. 

Uterus. — The  commonest  change  is  pregnancy  and  the  forma¬ 
tion  of  decidual  cells  in  response  to  the  stimulus  furnished  by  the 
implanted  ovum.  The  decidual  cells  are  derived  from  fibroblasts, 
but  unlike  the  luteal  cells,  although  thej^  enlarge  characteristically, 
they  produce  no  fibroglia  fibrils.  The  fertilized  ovum  develops  and 
produces  the  chorionic  villi  of  the  placenta.  Trophoblasts  derived 
from  the  epithelium  covering  the  villi  invade  the  uterine  mucosa, 
pass  between  the  decidual  and  smooth  muscle  cells  and  penetrate 
into  the  uterine  blood  vessels.  Their  cytoplasm  becomes  basophilic 
and  develops  numerous  epithelial  fibrils  which  sometimes  have  a 
corkscrew  appearance. 

10.  Nervous  System* 

(1)  THE  CENTRAL  NERVOUS  SYSTEM 

Fixation. — The  choice  of  a  method  for  the  preservation  of  the 
central  nervous  system  is  governed  by  the  kind  of  investigation  to  be 
attempted.  P'or  gross  anatomical  studies  and  the  coarser  micro¬ 
scopic  work,  /.  c.,  tract  degeneration,  fixation  of  the  whole  brain 
without  sectioning  is  recommended.  For  this  purpose  10  per  cent 
formalin  has  almost  entirely  superseded  the  older  method  of  fixa¬ 
tion  in  chrome  salt  solutions.  The  brain  has  a  slightly  greater 
specific  gravity  than  the  formalin  solution  and  hence  will  sink  in 
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the  fixing  jar  and  suffer  rlistorlion  liy  natleiiing.  d'his  diffc'renei'  in 
speeifie  gra\'ity  is  so  sliglil,  however,  tliat  a  tliread  slipped  undi'r  the 
basal  vessels  will  suspend  the  brain  without  undue  strain  on  tlu' 
vessels  and  conse(|uently  with  very  little  distortion,  ('xce[it  in  the 
extreiiK'ly  soft  brains  of  very  young  children  and  of  individuals 
dying  from  acute  infections,  dlie  formalin  should  be  changed  after 
3  to  4  tlays  and  again  after  2  to  3  weeks.  It  re(|uires  2  to  3  weeks 
of  fixation  to  harden  a  brain  so  that  gross  slices  can  be  cut  of  any 
desired  thickness,  preferably  about  1  cm.,  for  orientation  of  deep 
gross  lesions,  and  these  maj'  then  be  cut  for  finer  histological  study. 
Material  so  fixed,  however,  is  not  suitable  for  some  of  the  best 
methods  for  demonstrating  special  structures.  Some  of  these  meth¬ 
ods  will  not  give  the  best  results  after  even  a  short  fixation  period 
in  formalin,  and  there  are  se\eral  that  are  not  satisfactory  after 
the  2  to  3  weeks’  fixation  recjuired  for  whole  brains.  When,  there¬ 
fore,  the  finer  histological  changes  are  to  be  studied,  immediate 
sectioning  of  the  fresh  brain  and  direct  fixation  in  several  different 
fixatives  are  recommended. 

Foymalin. — In  addition  to  its  use  as  a  preservative  for  whole 
brains,  formalin  is  widely  used  for  the  fixation  of  small  pieces.  In 
some  procedures  the  period  of  fixation  is  not  important  but  in  others 
the  formalin  serves  only  as  a  preliminary  fixative  and  the  material 
must  be  carried  on  into  mordanting  solutions  within  24  to  48  hours 
after  fixation  starts.  If  only  one  fixative  is  to  be  employed  formalin 
is  unquestionably  the  best  because  of  its  wide  range  of  usefulness. 
It  is  probably,  however,  the  most  variable  in  its  results  of  any  of 
the  standard  fixatives.  During  the  early  stages  of  fixation  the 
nervous  tissues  swell  considerably  in  formalin  and  then  gradually 
undergo  a  shrinkage,  leading  often  to  a  marked  distortion  of  the 
cells  and  other  delicate  structures.  The  fixation  produced  by  for¬ 
malin  is  apparently  not  firm  enough  to  withstand  later  dehydration 
with  alcohol  without  marked  distortion  by  shrinkage,  so  that  ma¬ 
terial  so  fixed  does  not  give  good  paraffin  sections.  Further  mor¬ 
danting,  for  example  in  preparing  formalin  material  for  the  Weigert 
medullary  slieath  stain,  will  often  overcome  some  of  this  difficulty. 
Certain  methods,  such  as  tho.se  of  Bielschowsky  and  Weigert,  can 
be  successfully  applied  after  several  years’  preservation  in  formalin 
if  care  is  taken  to  wa>h  the  tissue  thoroughly.  Fven  with  short 
fixation  it  is  advisable  to  wash  overnight  in  running  tap  water  be- 
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fore  further  mordanting  or  embedding,  and  with  very  old  tissues 
washing  for  48  to  72  hours  is  recommended. 

Alcohol. — For  the  study  of  the  extranuclear  chromophile  par¬ 
ticles  of  the  nerve  cells,  the  Nissl  or  tigroid  bodies,  the  best  fixative 
is  95  per  cent  alcohol.  Even  when  relatively  small  pieces  are  pre¬ 
served  the  alcohol  should  be  in  the  proportion  of  about  10  to  20 
times  the  volume  of  the  tissue  and  should  be  changed  daily  for  at 
least  a  week.  If  larger  i)ieces  are  used  the  changes  should  be  con¬ 
tinued  on  alternate  days  through  the  second  week  and  for  2  or  3 
times  during  the  third  week.  After  such  hardening  blocks  may  be 
kept  indefinitely  in  alcohol  and  embedded  when  wanted.  Blocks  so 
fixed  give  excellent  pictures  even  after  8  to  10  years’  preservation. 

Zenker’s  Fluid. — Zenker’s  fiuid  is  one  of  the  most  valuable  fix¬ 
atives  for  brain  and  cord  material.  Fix  as  directed  on  page  43, 
except  that  better  results  will  be  obtained  with  brain  tissue  by 
dehydrating  in  graded  alcohols,  instead  of  placing  directly  in  80  per 
cent  alcohol  after  washing  in  water,  as  there  advised.  Material  so 
fixed  may  be  preserved  for  years  and  may  be  used  for  the  study 
of  neuroglia  fibrils  with  the  phosphotungstic  acid  hematoxylin  stain, 
and  for  the  study  of  blood  vessels,  meninges,  inflammatory  exudates 
and  many  tumors  after  the  phloxine-methylene  blue  stain  and  Ver- 
hoeff’s  elastic  tissue  stain. 

Weigert’s  Neuroglia  Mordant  (1896). — This  mixture,  used 
after  preliminary  fixation  for  24  hours  in  formalin,  or  better  used 
with  formalin  added  during  the  first  24  hours,  is  valuable  in  con¬ 
junction  with  Alzheimer's  modification  of  the  Mann  eosin-methyl 
blue  stain  for  demonstrating  neuroglia  cells,  esj-iecially  the  so-called 
“ameboid”  forms  of  astrocytes.  This  material  can  also  be  used  for 
Weigert’s  stain  for  neuroglia  fibrils.  The  fixing  fluid  is  the  fluor- 
chrome  copper  acetate  and  acetic  acid  mixture  given  as  the  sec¬ 
ondary  mordant  under  the  Weigert  method  for  medullary  sheaths, 
and  the  formula  and  method  of  preparation  are  given  there.  For 
fixation  of  fresh  tissues  1  part  of  formalin  is  added  to  8  parts  of 
neuroglia  mordant  and  tissues  are  placed  in  this  for  24  hours  and 
then  transferred  to  a  fresh  solution  to  which  no  formalin  has  been 
added.  Daily  changes  of  the  mordant  for  the  first  week  are 
recommended.  The  best  ri'sulls  are  obtaincal  with  tissues  sectioned 
shortly  after  this  mordanting  |ieriod,  but  excellent  stains  can  usually 
be  obtained  after  several  months  to  a  year  in  the  mordant. 
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Mii/lcr's  /<7///V/.-Mull('r's  lluid  as  a  i)riinary  fixative  is  no  longer 
used  so  freely  as  formerly.  It  is  valuable,  however,  in  the  lixation 
of  tissues  for  the  Marchi  method.  'I'his  method  is  fre(|uently  em¬ 
ployed  after  formalin  fixation  hut  the  results  are  hy  no  means  so 
satisfactory.  Muller's  lluid  hardens  slowly  and  freciuent  renewal 
during  the  fixation  iieriod  is  necessary.  I'resh  changes  daily  during 
the  first  week,  every  other  day  during  th('  second  week,  and  twice 
during  the  third  week  are  recommended.  Material  so  fixed  is  excel¬ 
lent  for  Weigert's  medullary  sheath  preparations,  as  well  as  for  the 
March!  method. 

Formaliu-Ammou'tum  Bromide. — This  lixing  solution  was  first 
recommended  hy  Cajal  (1923)  for  the  fixation  of  nervous  tissue 
when  neuroglia  cells  were  to  he  demonstrated  by  the  metallic  im¬ 
pregnation  methods.  The  duration  of  the  fixation  should  be  from 
2  to  25  days  at  room  temperature,  protoplasmic  astrocytes  requir¬ 
ing  a  shorter,  fibrous  astrocytes  a  longer  fixation  time.  The  addition 
of  ammonium  bromide  to  formalin  improves  the  vigor  of  the  impreg¬ 
nation  of  the  neuroglia  cells  and  lessens  the  tendency  to  granular 
staining.  Bromuration  appears  to  mordant  the  neuroglia  cells  for 
silver  salts;  it  improves  the  staining  of  the  astrocytes  but  is  not 
indispensable  for  them,  whereas  it  seems  to  be  necessary  for  im¬ 
pregnating  oligodendroglia  and  microglia.  At  the  same  time  the 
presence  of  ammonium  bromide  suppresses  the  impregnation  of 
neurofibrils  and  affords  a  clearer  picture  of  the  neuroglia  tissue. 
Formalin-ammonium  bromide  has  the  advantage  of  combining  the 
processes  of  fixation  and  bromuration.  Bromuration  after  simple 
formalin  fixation  can  be  carried  out  by  Globus’  method  (  1927),  pro¬ 
viding  the  tissue  has  not  been  in  formalin  too  long.  According  to 
Globus’  method  frozen  sections  of  formalin-fixed  tissue  are  washed 
rajfidly  in  several  changes  of  distilled  water,  then  placed  in  a  10  per 
cent  solution  of  ammonia  water  for  24  hours  at  room  temperature  or 
for  a  shorter  time  in  the  incubator.  Wash  rapidly  in  2  changes  of 
distilled  water  and  place  in  a  10  per  cent  solution  of  hydrobromic 
acid  I  pure  41  per  cent)  for  2  to  4  hours.  Again  wash  in  2  changes 
of  distilled  water  to  which  a  few  drops  of  ammonia  water  have 
been  added  and  then  impregnate  with  the  gold  or  silver  solutions 
as  usual. 

Staining,  'bhe  staining  of  the  various  histological  elements  of 
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the  nervous  system  and  the  fixing  reagents  best  suited  for  each  of 
them  will  be  considered  under  the  following  headings: 

a.  General  stains. 

b.  Nerve  cell  stains. 

{a)  Stains  for  special  parts  of  the  cell  body. 

( 1 )  Nissl  substance. 

(2)  Mitochondria. 

(3)  Golgi  apparatus. 

(4)  Pigment. 

(5)  Neurofibrils. 

{b)  Stains  for  axis  cylinders. 

{c)  Stains  for  myelin  sheaths. 

(  1 )  Normal  myelin. 

(2)  Degenerating  myelin. 

c.  Neuroglia  stains. 

(«)  Stains  for  astrocytes. 

(b)  Stains  for  oligodendroglia. 

d.  Microglia  stains. 

e.  Stains  for  connective  tissue  and  blood  vessels  of  the  nervous 

system. 

a.  General  Stains 

General  stains  include  the  ordinary  nuclear  stains  with  or  with¬ 
out  a  counterstain,  and  certain  diffuse  stains  which  color  practically 
all  elements  of  the  nerve  tissue,  but  with  slight  variations  of  in¬ 
tensity  or  shade  so  that  individual  structures  can  be  identified.  The 
best  fixation  for  general  stains  is  Zenker’s  lluid  followed  by  the 
phloxine-methylene  blue  stain.  After  other  fixatives,  especially 
after  fixation  for  a  long  time  in  formalin,  alum  hematoxylin  or 
Weigert’s  iron  hematoxylin  as  a  nuclear  stain,  followed  by  either 
phloxine  or  preferably  van  Gieson’s  picro-acid  fuchsin  for  the  ner¬ 
vous  system  ( p.  93)  as  a  counterstain,  give  fair  results.  Mallory’s 
aniline  blue  collagen  stain  can  also  be  recommended.  The  phospho- 
tungstic  acid  hematoxylin  method  is  valuable  as  a  general  stain 
and  also  for  rendering  prominent  the  neuroglia  fibrils.  For  various 
infections  of  the  central  nervous  system  and  the  meninges  appro¬ 
priate  bacterial  methods  should  be  employed. 

For  the  demonstration  of  the  shape  and  relationship  of  neurons 
the  Golgi  silver  methods  are  of  importance.  Py  these  methods  a 
black  dciiosit  of  a  reduced  silver  salt  brings  out  a  certain  number 
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()1  neurons  olten  in  their  enlirc'ly,  leaving  many  neurons  and  neurog¬ 
lia  imstaiiK'd.  1  h('  picture  thus  obtained  is  incomplete'  but  clearer 
than  if  all  cells  were  e(|ually  impregnated.  Irregular  jn-ecipitates 
are  sometimes  lormed,  which  are  eonfusing,  and  structure's  e)ther 
than  neurons  may  be  staineel.  'The  (lolgi  m('the)el  occtisieenally  still 
in  use  is  the  rapiel  methe)el  which  is  given  here. 

Golgi’s  Rapid  Method  for  Impregnating  Neurons  ( 1894  ). 
f'ixdtioii.  -  V\i\cc  small  pieces  of  fresh  tissue  2  tej  mm.  thick  in  a 
mixture  e)f  40  cc.  of  a  2.5  per  cent  afiuee)us  potassium  bichiomate 
solutiem  anel  10  cc.  of  a  1  per  cent  aquee)us  osmic  acid  se)]ution.  Re¬ 
new  the  solutieen  if  it  becomes  turbid.  Cotton  shoulel  be  placed  on 
the  bottom  ol  the  container,  so  that  the  li.xing  Iluid  will  have  access 
to  the  tissue  from  all  sides.  The  fixation  time  varies;  take  out  a 
piece  of  tissue  for  imiu-egnation  every  12  hours  from  the  second  to 
the  seventh  day  of  fixation. 

Mct/iod  of  A.  Dry  tissue  with  filter  paper  and  place 

in  a  0.75  per  cent  aqueous  silver  nitrate  solution  for  24  to  48  hours. 
If  the  solution  turns  yellow  renew  it. 

2.  Wash  in  40  per  cent  alcohol  renewed  several  times  for  1  to 
2  hours. 

3.  Place  in  80  per  cent,  then  90  per  cent  alcohol. 

4.  Embed  rapidly  in  celloidin  by  dehydrating  in  absolute  alco¬ 
hol  for  12  hours,  ether-alcohol  for  2  to  4  hours,  and  4  per  cent 
celloidin  1  to  2  days.  Mount  on  blocks  with  thicker  celloidin  and 
harden  in  80  per  cent  alcohol.  Cut  thick  sections  in  95  per  cent 
alcohol. 

5.  Wash  sections  carefully  in  80  per  cent  alcohol  to  remove 
excess  silver. 

6.  Dehydrate  in  absolute  alcohol. 

7.  Clear  in  creosote,  then  terpineol. 

8.  Place  .sections  on  a  slide,  remove  the  clearing  Iluid  with  filter 
paper  carefully  and  add  a  drop  of  thick  balsam.  Let  it  dry,  heating 
the  balsam  to  drive  off  the  solvent.  A  coverslip  may  be  pin  on  iust 
before  the  balsam  cools  or  the  preparation  may  be  kept  without 
a  coverslip. 

In  the  original  method  the  sections  were  placed  on  a  slide  after 
Stej)  4,  the  alcafiiol  blotted  off,  and  a  mixture  of  sandarac  used  for 
mounting  without  a  coverslip.  This  mixture  consists  of  75  gm.  of 
sandarac,  15  gm.  of  camphor,  30  cc.  of  turpentine,  22.5  cc.  of  oil 
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of  lavender,  75  cc.  of  absolute  alcohol,  and  5  to  10  drops  of  cas¬ 
tor  oil. 

Results. — If  successful  the  separate  nerve  cells  and  their  proc¬ 
esses  are  deep  black  on  a  li<i;ht  yellow  background. 

b.  Nerve  Cell  Stains 

{a)  Stains  for  Special  Parts  of  the  Cell  Body 

( 1 )  Nissl  or  Tigroid  Substance. — The  original  Nissl  method 
is  used  very  little  today  because  of  the  difficulty  in  cutting  the 
unembedded  blocks  of  even  thickness  and  of  handling  the  sections 
through  the  staining  and  mounting  processes.  It  has  been  largely 
superseded  by  methods  that  permit  embedding.  The  toluidine  blue 
stain  can  be  recommended  most  highly  for  dependability,  simplicity 
and  permanence. 

Toluidine  Blue  Stain  for  the  Nissl  Substance  ( 1894). — Fixa¬ 
tion. — Fix  in  95  per  cent  alcohol.  Renew  the  alcohol  every  day. 
The  duration  of  the  fixation  varies  with  the  size  of  the  block  of 
tissue;  about  5  days  will  be  sufficient.  Embed  in  celloidin. 

Or  formalin-fixed  material  may  be  stained  by  this  method  after 
embedding  either  in  celloidin  or  in  paraffin.  Thionin  and  cresyl 
violet  give  slightly  better  results  after  formalin  fixation  than  tolui¬ 
dine  blue,  but  neither  of  them  compares  favorably  with  the  alcohol- 
toluidine  blue  method.  Alcohol  seems  to  act  as  a  better  coagulant 
of  the  tigroid  body  material  than  either  formalin  or  Zenker’s  fluid 
and  the  masses  appear  larger,  more  sharply  defined  and  in  a  clearer 
matrix  after  such  fixation.  In  formalin  material  which  has  been 
preserved  for  a  long  time  the  whole  cell  body  is  frequently  in¬ 
tensely  stained  so  that  the  details  of  the  Nissl  bodies  cannot  be 
well  made  out,  and  often  the  intercellular  background  also  stains 
deeply  so  that  in  differentiation  most  of  the  cell  detail  is  lost  before 
the  background  clears  up. 

Staining  Solution. — IVIake  up  a  1  per  cent  aqueous  solution  of 
toluidine  blue.  A  1  per  cent  aqueous  solution  of  cresyl  violet  or 
thionin,  or  Nissl’s  soapy  methylene  blue  (methylene  blue  B  3.75 
gm.,  scraped  Venetian  soap  1.75  gm.,  distilled  water  1000  cc.,  rip¬ 
ened  for  3  months)  may  be  substituted  for  toluidine  blue  in  this 
method,  but  they  do  not  give  quite  so  sharp  a  metachromatic  dif¬ 
ferentiation  as  toluidine  blue  which  keeps  well  and  improves  some¬ 
what  with  age. 
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Method  oi  AY (///////;'.  1.  "Fransler  cclIoKiin  sections,  15  to  20  /< 

thick,  Ironi  80  per  cent  alcohol  to  the  1  per  cent  a(|ueous  toluidine 
blue  stain  in  a  jiorcelain  eva|)oratina;  dish.  Heat  to  steaming,  with¬ 
draw  the  llaine  and  leave  for  10  to  15  minutes. 

2.  Rinse  in  distilled  water,  then  in  70  per  cent  alcohol. 

3.  Decolorize  in  95  per  cent  alcohol.  Control  decolorization 
with  the  microscope.  The  background  should  be  colorless  or  very 
pale  blue. 

4.  Clear  in  terpineol  or  oil  ot  origanum,  and  after  blotting  rinse 
with  xylol  to  remove  oil  and  mount  in  balsam. 

Results. — With  a  ripened  solution  the  Nissl  bodies  are  strik¬ 
ingly  stained  and  show  an  intense  blue  or  [uirplish  color  which  is 
in  sharp  contrast  with  the  dark  blue  of  the  nucleus.  This  same  con¬ 
trast  is  evident  in  plasma  cells  where  the  cytoplasm  takes  the  purple 
color  and  the  nucleus  the  blue.  The  aiiical  process  and  the  larger 
basal  processes  are  faintly  stained  for  a  short  distance  but  the  axis 
cylinders,  medullary  sheaths  and  neuroglia  fibers  are  unstained, 
giving  a  clear  background.  Neuroglia  cell  nuclei  are  stained  a  deep 
blue.  The  cytoplasm  of  neuroglia  cells  is  pale  blue. 

(  2  )  Mitochondria. — The  methods  given  on  pages  1 10-112  may 
be  used  for  demonstrating  mitochondria  in  the  nervous  system. 

(3)  Golgi  Apparatus.— The  Golgi  network  in  nerve  cells  is 
best  brought  out  by  the  methods  given  on  pages  112-116. 

(4)  Pigment. — Some  of  the  pigments  contained  in  nerve  cells 
are  stained  by  both  the  scarlet  red  and  the  osmic  acid  methods, 
but  resist  solution  in  the  embedding  reagents  and  remain  in  alcohol- 
fixed  tissues,  for  e.xample,  as  pale  yellowish  globular  accumulations 
in  the  infranuclear  zone  of  the  cytoplasm.  Some  of  these  are  prob¬ 
ably  extrinsic  pigments  derived  from  foodstuffs  and  belong  to  the 
carotenoids.  After  fixation  in  formalin  these  may  be  stained  more 
or  less  selectively  either  by  overstaining  in  a  saturated  aqueous 
solution  of  Nile  blue  sulfate  and  differentiating  in  weak  acetic  acid, 
or  by  using  the  dye  as  a  progressive  stain,  placing  the  .sections  in 
a  1:10,000  aqueous  solution  for  about  30  minutes.  Others,  partic¬ 
ularly  the  relatively  insoluble  pigments,  are  probably  intrinsic,  for 
example  hemosiderin,  which  is  sometimes  pre.sent  in  abundance  in 
the  ganglion  cells  in  cases  of  hemochromatosis  or  in  connection  with 
hemorrhages.  The  same  reactions  ( pp.  136-140)  are  employed  as 
with  other  organs. 
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(5)  Neurofibrils.- -These  include  all  of  the  fibrillar  mecha¬ 
nism  of  the  cell  body  and  its  expansions,  /.  r.,  that  part  f)f  the 
neuron  which  is  looked  on  as  the  transmittinjT;  mechanism-  -the 
intracellular  neurolibrils,  the  dendrites,  the  axis  cylinder  and  its 
arborization,  and  often  its  terminal  structures.  With  few  excep¬ 
tions  the  methods  employed  for  the  demonstration  of  these  struc¬ 
tures  depend  on  impregnation  with  a  metal  salt  and  later  reduction 
or  development  within  the  tissues.  .All  of  the  impregnation  methods 
are  strikingly  variable  in  their  results,  especially  when  applied  to 
human  material  with  a  varying  postmortem  period  before  fixation. 
Tn  some  structures  it  is  also  probable  that  the  metallic  deposit  is 
in  the  nature  of  a  surface  crustation  rather  than  of  incorporation 
of  the  metal  with  the  tissue  element,  and  distortions  both  of  size 
and  of  relation  may  occur  because  of  this  fact.  The  classical  Golgi 
methods,  while  still  in  use  occasionally,  have  been  largely  superseded 
by  others.  The  method  in  most  common  use  on  pathological  ma¬ 
terial  is  Bielschowsky’s.  Bielschowsky  has  published  two  methods, 
one  for  sections  and  one  for  blocks,  but  the  many  failures  of  infil¬ 
tration  and  the  great  variability  of  results  in  the  block  method 
have  brought  it  into  more  or  less  disfavor. 

Bielschowsky’s  Method  for  Neurofibrils  in  Sections  ( 1908- 
09). — Fixation. — Fix  in  10  per  cent  formalin  for  at  least  14  days. 
Wash  freshly  fixed  material  thoroughly  in  running  water  for  2  to 
.S  hours,  old  material  24  to  48  hours,  then  in  distilled  water  1  to  2 
days.  Cut  frozen  sections  5  to  10  !>■  thick. 

Staining  Solu-tion. — Make  up  the  ammoniacal  silver  solution  in 
a  glass-stoppered  graduate  which  is  kept  only  for  silver  solutions. 
Great  care  in  the  use  of  pure  distilled  water  and  pure  chemicals  and 
clean  glassware  is  necessary.  To  10  cc.  of  a  10  per  cent  aqueous 
silver  nitrate  solution  add  5  drops  of  a  freshly  prepared  40  per  cent 
aqueous  sodium  hydroxide  solution.  A  black-brown  precipitate  of 
silver  oxide  is  formed.  Add  ammonia  water  drop  by  drop  until  the 
precipitate  is  almost  dissolved,  shaking  vigorously  after  the  addi¬ 
tion  of  each  drop,  and  leaving  a  few  grains  of  the  precipitate.  Add 
distilled  wider  to  make  the  solution  up  to  20  cc.  The  amount  of 
ammonia  water  added  to  dissolve  the  precipitate  should  never  ex¬ 
ceed  18  to  20  drops.  If  more  is  needed  the  results  are  rarely  satis¬ 
factory.  Washing  the  precipitate  3  times  by  diluting  with  distilled 
water,  shaking,  letting  it  settle  and  then  decanting,  before  dissolving 
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the  precipitate  with  aninionia  water,  lias  lieen  recoiiiiiK'iuled  by  some 
authors. 

Method  oj  Stantni'^.-  1.  Rinse  sections  in  2  or  more  changes  of 
(li^tilIe(l  water  for  1  to  2  hours.  IlandU'  witli  glass  needk's  from 
here  on. 

2.  1  ranster  to  pure  pyridine  for  24  hours  and  wash  thoroughly 
again  in  distilled  water,  d'his  step  is  an  addition  to  the  earlier 
formula  and  may  be  omitted. 

3.  Impregnate  in  a  2  per  cent  aqueous  solution  of  silver  nitrate 
for  24  hours  in  the  dark. 

4.  Carry  sections  through  distilled  water  rapidly. 

5.  I  lace  in  a  freshly  [irepared  ammoniacal  silver  solution  for 
10  to  20  minutes,  or  until  the  sections  become  a  dark  se;il  brown. 

6.  \\  ash  rapidly  in  2  or  3  changes  of  distilled  water. 

7.  Reduce  for  10  minutes  in  20  per  cent  formalin. 

8.  Wash  in  tap  water  15  minutes. 

y.  Rinse  in  distilled  water  and  tone  in  the  following  solution 
for  10  to  20  minutes,  or  until  the  color  is  a  reddish  violet.  Add  3 
to  5  drops  of  a  1  per  cent  solution  of  yellow  gold  chloride  to  10  cc. 
of  distilled  water  and  to  this  add  2  or  3  drops  of  glacial  acetic  acid. 

10.  Rinse  in  distilled  water  and  lix  1  to  2  minutes  in  5  per  cent 
aqueous  solution  of  sodium  thiosulfate. 

11.  Rinse  thoroughly  in  tap  water  1  to  2  hours. 

12.  Dehydrate  in  95  i)er  cent  and  absolute  alcohol. 

13.  Clear  in  carbol-xylol  (  1  [jart  carbolic  acid  to  9  parts  of 
xylol)  and  mount  in  balsam. 

Results. — This  method  serves  as  an  excellent  one  to  stain  axis 
cylinders  and  dendrites,  and  in  well  stained  thin  sections  the  intra¬ 
cellular  neurofibril  net  will  be  seen  as  a  delicate  meshwork  of  dark 
brown  or  black  lines.  The  axis  cylinders  and  their  processes  and 
the  muscle  plate  termini  in  striated  muscle  are  stained  intenselv 
black.  The  neuroglia  fibrils  are  very  faintly  stained  and  can  be 
seen  only  with  difficulty  I'xcept  where  there  has  been  marked  jiro- 
liferation,  as  in  the  neuroglia  scars  in  tabes  or  multiple  sclerosis. 
Here  they  can  be  seen  as  fine,  usually  closely  [lacked  wavy  lines 
colored  a  delicate  lavender  or  [lurple.  Longitudinal  .sections  of 
the  cord  in  multiple  sclerosis  stained  by  this  method  show  to  e.xcel- 
lent  advantage  the  axis  cylinders  intact  but  with  their  medullary 
sheaths  replaced  by  neuroglia  fibrils. 
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Ranson’s  Pyridine-Silver  Stain  for  Non-Myelinated  Nerve 
Fibers  (1914). — Fixation. — Fix  for  48  hours  in  absolute  alcohol 
to  which  1  [)er  cent  ammonia  water  has  been  added. 

Method  oj  Staining. —  1.  Wash  from  to  ?>  minutes,  according 
to  the  size  of  the  block  of  tissue,  in  distilled  water. 

2.  Place  in  pyridine  for  24  hours. 

3.  Wash  in  many  changes  of  distilled  water  for  24  hours. 

4.  Impregnate  for  3  days  in  the  dark  in  a  2  per  cent  acjueous 
solution  of  silver  nitrate  at  35°  C. 

5.  Rinse  in  distilled  water. 

6.  Reduce  in  a  4  per  cent  solution  of  pyrogallic  acid  in  5  per 
cent  formalin  (4  gm.  of  pyrogallol  in  100  cc.  of  5  per  cent  formalin 
in  distilled  water  )  for  24  to  48  hours. 

7.  Rinse  in  distilled  water,  dehydrate,  clear  and  embed  in 
paraffin. 

8.  Cut  sections  are  ready  for  examination  after  clearing  in  xylol 
and  mounting  in  balsam. 

Results. — This  method  is  said  to  give  excellent  results  with 
the  peripheral  nerves,  to  be  applicable  to  larger  pieces  with  uniform 
impregnation,  and  to  be  much  more  reliable  than  the  other  silver 
methods.  It  stains  non-myelinated  fibers  black,  myelinated  fibers 
yellow,  thus  serving  as  a  differential  stain.  Huber  and  Guild  applied 
the  method  to  decalcified  material. 

(b)  Stains  for  .\xis  Cylinders 

Ehrlich’s  Supravital  Methylene  Blue  Stain  for  Nerve 
Fibers  (1886). — This  method  originated  with  Ehrlich.  It  is  used 
chieflv  in  the  study  of  the  peripheral  nerves,  jiarticularly  as  regards 
their  distribution  in  tissues  and  organs,  although  it  is  also  applicable 
to  the  central  nervous  tissues.  Its  use  has  been  largely  restiicted 
to  the  study  of  normal  material.  Many  modifications  of  the  original 
procedure  have  been  suggested  with  a  view  to  making  the  results 
surer  or  the  specimens  more  permanent.  I  issues  can  be  stained 
either  by  injection  or  by  immersion.  The  methylene  blue  u^ed 
should  be  “rectified  methylene  blue  for  vital  injections.” 

Method  oj  Staining. — For  injection  in  the  blood  or  lymph  ves¬ 
sels  of  live  or  dead  animals  a  dilute  solution  of  methylene  blue  m 
physiological  salt  solution,  'j  to  '/r.  per  cent,  is  recommended.  .\ 
1  jier  cent  stock  solution  of  methylene  blue  is  made  up  in  a  0.9  per 
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rent  sodium  chloride  solution  and  this  stock  solution  is  diluted 
with  physiological  salt  solution  to  make  'i,  '/s,  'n;  |)er  cent 
solutions  ol  methylene  blue  lor  us(‘.  It  is  probably  best  to  wash 
out  the  vessels  first  with  warm  (37  ('. )  physiological  salt  solution 

before  injecting  the  filtered,  dilute  warm  methylene  blue  solution. 
The  injected  organs  are  exposed  to  the  air  until  a  bluish  tint  is 
visible.  As  soon  as  the  greatest  intensity  of  stain  is  reached, 
varying  from  .S  minutes  to  2  hours,  the  color  in  the  |)rcparation  is 
fixed  by  jilacing  small  bits  ot  the  tissue  in  a  freshly  filtered,  ac|UCOus 
solution  of  ammonium  picrate,  saturated  in  the  cold  (about  1.1  jier 
cent),  for  2  to  24  hours,  or  better  still  in  Bethe's  fixing  solution. 

For  immersion,  the  method  employed  for  human  tissues,  very 
small  or  thin  pieces  of  tissue  are  placed  in  a  very  dilute  solution 
of  methylene  blue  in  [ihysiological  salt  solution,  ^  i  to  ’s  per  cent, 
at  37  C.  Add  more  staining  fluid  when  it  evairorates.  Examine 
the  tissue  with  the  microscope  after  15  minutes  and  keep  in  the  stain 
until  the  nerves  are  colored  blue,  optimum  staining  1  to  2  hours. 
I  he  stain  is  then  fixerl  in  a  saturated  ac|ueous  solution  of  ammonium 
picrate  for  2  to  24  hours,  or  in  Bethe’s  fixing  solution. 

Fixation  According  to  Bet  he  (1900). —  1.  Wash  off  excess  of 
color  with  physiological  salt  solution. 

2.  .Place  in  the  following  solution: 


Ammonium  molybdate  1  gni. 

Water,  distilled  10  cc. 

(Ismic  acid.  0.5  per  cent  aqueous  solution  10  cc. 

Hydrochloric  acid,  concentrated  1  drop 


A  precipitate  forms  on  making  up  the  solution  but  disappears 
on  shaking.  The  solution  is  best  made  up  fresh  each  time.  It 
should  be  used  as  cold  as  possible,  preferably  surrounded  by  a  mix¬ 
ture  of  ice  and  salt.  T.eave  tissue  in  the  cold  solution  for  2  to  5 
hours  and  then  for  a  while  longer  at  room  temperature. 

3.  Wash  in  running  water  '2  to  2  hours. 

4.  Dehydrate  as  quickly  as  possible  in  70,  then  95  per  cent 
alcohol  in  the  ice-box  1  to  2  hours. 

5.  Clear  in  terpineol  followed  by  ben/ol. 

0.  I'.mbed  in  paraffin  and  cut  sections. 

7.  'I  he  .sections  may  be  cleared  and  mounted  without  fiirlluu' 
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staining  or  may  be  stained  with  alum  cochineal  (p.  78)  for  con¬ 
trast.  Keci-)  out  of  alcohol  as  much  as  possible. 

Results. — Nerve  cells  and  their  processes  and  end  arborizations 
are  colored  blue.  Other  tissues  are  almost  colorless.  Elastic  fibers 
and  connective  tissue  cells  may  at  times  stain  blue  also. 

Alzheimer’s  Modification  of  Mann’s  Eosin-Methyl  Blue 
Stain  (1909-10). — This  stain  (ji.  245)  gives  excellent  pictures  of 
the  axis  cylinders  and  affords  a  selective  differentiation  of  the  degen¬ 
erating  from  the  normal  before  changes  are  demonstrable  by  the 
March!  method  in  the  medullary  sheaths.  In  cross-sections  of  the 
white  matter  of  the  cord  the  normal  axis  cylinders  are  deep  purple 
or  blue,  while  those  undergoing  degeneration  are  shining  red.  This 
change  can  be  demonstrated  in  the  experimental  animal  within  48 
hours  after  damage  to  the  cord. 

Mallory’s  Lead  Chloride  Hematoxylin  Stain  for  Axis 
Cylinders  (1936). — Freshly  dissolved  hematoxylin  in  a  slightly 
alkaline  solution  has  the  property  of  staining  axis  cylinders  grayish 
blue  to  blue-black  after  the  tissue  containing  them  has  been  fixed 
in  10  per  cent  formalin  and  mordanted  in  a  solution  of  lead  chloride. 
Ripened  hematoxylin  will  not  do  so. 

This  staining  method  is  of  especial  value  to  the  pathologist  be¬ 
cause  it  is  reliable,  in  contrast  with  the  silver  methods  wEich, 
although  they  often  give  brilliant  results,  are  not  ahvays  dependable. 

Fixation. —  1.  Fix  in  10  per  cent  neutral  formalin  for  24  hours 
or  longer.  The  tissue  should  be  as  fresh  as  possible  and  slices 
should  not  be  over  3  to  4  mm.  thick. 

2.  Transfer  directly  to  a  saturated  aqueous  solution  of  lead 
chloride  (slightly  over  1  per  cent)  and  mordant  for  6  weeks  at  room 
temperature,  or  for  7  days  in  an  incubator  at  37"  C.  Change  the 
lluid  at  the  end  of  24  hours  and  once  or  twice  later. 

3.  Wash  in  running  water  for  24  hours  to  get  rid  of  the  unfixed 
lead  chloride  so  as  to  prevent  its  precipitation  by  alcohol  and  pre¬ 
serve  in  80  per  cent  alcohol. 

4.  Embed  in  cclloidin  or  paraffin.  Celloidin  is  as  a  rule  prefer¬ 
able  for  the  spinal  cord;  paraffin  for  sympathetic  nerve  ganglia. 

Staining  Solution. — Dissolve  5  to  10  mg.  of  hematoxylin  in  a  few 
drops  of  95  per  cent  or  absolute  alcohol  and  then  add  10  cc.  of  a 
saturated  solution  of  magnesium  or  calcium  carbonate. 

Method  oj  Staining. — 1.  Stain  sections  )/>  to  1  hour  or  longer. 
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A  fresh  solution  should  be  made  and  used  each  hour  because  the 
hematoxylin  rijums.  The  liematoxylin  magnesium  carbonat('  solu¬ 
tion  stains  (|uicker  and  perhaps  deeper.  Staining  with  the  hem¬ 
atoxylin  calcium  carbonate  solution  can  be  hastened  by  heat  (jiaraf- 
fm  oven  at  54  C.  for  1  hour  or  longer). 

2.  Wash  sections  5  to  30  minutes  or  longer  in  distillerl  water. 
The  slight  acidity  present  shari-iens  the  stain. 

3.  Dehydrate  in  95  per  cent  alcohol. 

4.  Clear  in  terpineol. 

5.  2kIount  in  teridneol  balsam.  Xylol  balsam  fades  the  blue  color. 

The  stain  of  the  axis  cylinders  can  be  intensified  by  placing  the 

sections,  before  staining  (Step  1),  in  a  saturated  .solution  of  lead 
chloride  for  1  hour  or  longer,  followed  by  washing  in  2  or  3  changes 
of  tap  water. 

If  the  sections  after  Step  2  are  again  for  a  third  time  put  into  a 
saturated  solution  of  lead  chloride  for  5  to  10  minutes  and  then 
washefl  in  several  changes  of  tap  water  the  color  is  made  a  brighter 
blue. 

Results. — Axis  cylinders  blue  to  black;  nuclei  blue;  cytoplasm 
bluish;  neuroglia  fibrils  dull  bluish  gray;  collagen,  elastin  and 
myelin  unstained. 

The  Gros-Schultze  Silver  Method  for  Axis  Cylinders  and 
Nerve  Terminals. — Fixation. — Fix  in  10  per  cent  neutral  formalin. 
Cut  frozen  sections. 

Staining  Solution.  -To  10  cc.  of  a  20  per  cent  silver  nitrate  solu¬ 
tion  add  strong  ammonia  water  drop  by  drop,  shaking,  until  the 
brown  precipitate  is  just  dissolved.  To  5  cc.  of  this  solution  add  3 
drops  of  ammonia  water.  Different  workers  differ  in  the  amount 
of  ammonia  water  to  be  used.  Romeis  uses  5  drops  to  5  cc.  after 
solution  of  the  precipitate.  Barrera,  working  with  Laidlaw,  found 
it  necessary  to  increase  this  added  ammonia  water  to  12  drops  to  5 
cc.  in  order  to  obtain  colorless  collagen. 

Method  oj  Staining. —  1.  Place  sections  in  distilled  water  contain¬ 
ing  a  trace  of  formalin. 

2.  Transfer  .sections  to  a  20  per  cent  aqueous  solution  of  silver 
nitrate  in  the  dark  for  5  minutes,  4  or  5  sections  at  once.  The 
original  directions  were  1  hour,  then  20  minutes.  Both  these  periods 
were  top  long,  according  to  Heringa. 

3.  Prepare  4  dishes  of  a  20  per  cent  aqueous  solution  of  for- 
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nialin.  Pass  sections  quickly  from  one  to  another  as  fast  as  clouds 
are  given  off.  Duration  10  minutes. 

4.  Immerse  sections  for  a  few  seconds  only  in  the  ammoniacal 
silver  solution  to  bleach  the  collagen.  Control  with  the  microscope 
until  only  axis  cylinders  are  black  on  a  colorless  background. 

5.  Rinse  quickly  in  a  mixture  of  distilled  water  8  cc.  and  am¬ 
monia  water  2  cc.,  1  minute. 

6.  Rinse  quickly  in  20  cc.  of  distilled  water  to  which  2  drops 
of  acetic  acid  have  been  added.  Draw  sections  through  rapidly. 

7.  Tone  in  1  per  cent  aqueous  yellow  gold  chloride  for  1  hour. 

8.  Place  in  5  per  cent  sodium  thiosulfate  for  1  minute. 

9.  Wash  in  water. 

10.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

11.  Clear  in  xylol,  float  on  slide  and  mount  in  balsam. 

Laidlaw  found  that  immersion  in  silver  nitrate  for  2  minutes,  in 

gold  chloride  1:500  for  10  minutes,  and  in  5  per  cent  sodium  thio¬ 
sulfate  for  10  minutes  gave  good  results.  According  to  him  it  is 
unnecessary  to  stain  with  silver  nitrate  in  the  dark.  If  the  axis 
cylinders  are  not  stained  after  5  minutes,  immersion  in  formalin 
again  may  succeed;  5  minutes  in  Step  4  may  give  better  results  than 
the  shorter  time.  Paraffin  sections  of  formalin-fixed  material  also 
stain  perfectly. 

Results. — Axis  cylinders  are  stained  black.  Heringa  says  that 
the  above  method  stains  sympathetic  nerve  fibers  better  than  the 
method  of  Bielschowsky,  which  often  fails  here,  but  it  stains  the 
elastin  of  vessels  also,  which  is  confusing. 

Bodian’s  Method  for  Nerve  Fibers  and  Nerve  Endings  in 
Paraffin  Sections  (  1936). — Fixation. — Pix  in  10  per  cent  formalin 
or  in  alcohol-formalin  (9  parts  of  alcohol  to  1  part  of  10  per  cent 
formalin).  Embed  in  paraffin. 

Method  oj  Staining. — 1.  Remove  paraffin  with  xylol,  followed 
by  absolute  and  95  per  cent  alcohol  and  water. 

2.  Place  sections  in  a  1  per  cent  aqueous  solution  of  protargol 
containing  4  to  6  gm.  of  metallic  copper  per  100  cc.  of  solution  for 
12  to  48  hours  at  37°  C. 

•b  Wash  in  distilled  water. 

4.  Reduce  in  hydroquinone  1  gm.,  sodium  sulfite  5  gm.,  dis¬ 
tilled  water  100  cc.  for  10  minutes. 

5.  Wash  in  distilled  water  thoroughly. 
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6.  'rone  in  a  1  per  eent  goUi  ehloride  solution  containing  3 
(irojis  of  glacial  acetic  acid  ])er  100  cc.  of  solution  for  5  to  10  minutes. 

7.  Wash  in  distilU-d  water. 

8.  If  sections  do  not  have  a  light  purple  color,  place  in  2  per 
cent  o.xalic  acid  until  sections  have  a  definite  jiurplish  tinge  (5-10 
minutes),  d'hen  wash  in  distilled  water. 

9.  Remove  the  residual  silver  salts  with  a  5  per  cent  a(]ueous 
sodium  thiosulfate  solution  for  5  to  10  minutes. 

10.  Wash  thoroughly  in  distilled  water. 

11.  Dehydrate  in  95  jier  cent  followed  by  absolute  alcohol. 

12.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Myelinated  fibers,  the  finest  non-myelinated  fibers  of 
the  central  and  peripheral  nervous  system,  the  end  feet  of  Held  and 
the  neurofibrils  are  stained  black. 

( c )  Stains  for  Myelin  Sheaths 

( 1  )  Normal  Myelin. — The  medullary  sheaths  are  probably 
complex  mixtures  of  lijioids.  These  lipoids  will  reduce  osmic  acid 
to  metallic  osmium  and  the  earlier  methods  of  staining  the  sheaths 
depended  on  this  reaction.  These  have  been  discarded,  how'ever, 
because  of  their  expense  and  the  fact  that  osmic  acid  does  not 
penetrate  well. 

Weigert  originated  the  differential  hematoxylin  stain  which  in 
some  of  its  modifications  is  universally  used  as  a  sheath  stain  to¬ 
day.  These  stains  depend  on  mordanting  with  a  chrome  salt  which 
combines  with  the  lipoids  of  the  sheaths  in  such  a  way  as  to  render 
them  insoluble  in  the  embedding  reagents  and  also  to  prepare  them 
for  the  stain  or  for  further  mordanting.  This  combination  of  a 
chrome  salt  with  the  medullary  sheaths  also  alters  them  so  that  they 
will  no  longer  reduce  osmic  acid,  while  the  fats  produced  by  their 
degeneration  are  not  so  changed,  and  this  serves  as  a  basis  of  the 
March!  method  for  the  demonstration  of  degenerating  medullary 
sheaths.  W'eigert  further  mordanted  this  chromated  material  with 
a  copper  salt  which  served  to  bind  the  copper  to  the  chromated 
sheaths,  with  the  resultant  formation  in  the  staining  fluid  of  a  copper 
comjiound  of  hematoxylin  which  is  resistant  to  the  decolorizing  ac¬ 
tion  of  certain  differentiating  fluids.  Weigert  later  recommended  an 
iron  hematoxylin  which  gives  a  stain  somewhat  more  resistant  to 
(he  differentiating  solutions.  In  the  earlier  methods  the  mordanting 
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process  was  slow,  the  background  remained  yellow  or  yellow-brown 
in  finished  preparations,  and  the  differentiating  fluid  acted  so  vigor¬ 
ously  that  there  was  danger  of  completely  decolorizing  some  of  the 
liner  sheaths  of  the  cortex.  Many  modifications  of  the  original 
method  were  suggested.  Weigert  himself  offered  a  mordant  con¬ 
taining  two  chrome  salts  (Schnellbeize)  which  reduces  very  mate¬ 
rially  the  time  required  in  the  original  procedure  for  mordanting 
the  sheaths.  Of  the  others,  the  most  commonly  used  are  Pal’s 
modification,  which  aims  at  clearing  the  background  by  bleaching 
with  potassium  permanganate  and  oxalic  acid,  Kultschitzky’s 
method,  which  gives  a  very  slow  differentiation  and  hence  with  less 
danger  of  decolorization  of  the  finer  fibers,  and  Wolters’  modifica¬ 
tion  of  Kultschitzky’s  method  which  combines  with  the  latter  Pal’s 
method  of  bleaching  the  background. 

The  choice  between  these  various  methods  depends  on  the  pur¬ 
pose  for  which  the  material  is  to  be  used.  The  Weigert  or  the 
Weigert-Pal  method  is  advised  where  the  coarser  mass  degenera¬ 
tions,  as,  for  example,  the  tabetic  degeneration  of  the  posterior 
columns,  are  to  be  demonstrated  and  where  the  finer,  more  delicate 
sheaths  of  the  gray  matter  are  not  considered  of  consequence. 
Weigert-Pal  sections  give  clear-cut  pictures,  permit  the  use  of 
counterstains  such  as  van  Gieson’s,  and  are  much  to  be  preferred 
for  projection  and  naked  eye  demonstration  specimens.  Their  de¬ 
colorization  is  so  drastic,  however,  that  many  of  the  finer  sheaths  are 
bleached  and  they  are  not  advised  for  more  careful  study.  For  this 
purpose  the  Kultschitzky  stain  is  most  highly  recommended. 
Wolters’  method  gives  clearer  pictures  but  partakes  of  the  dangers 
of  Pal’s  method.  In  the  order  of  their  dependability  for  staining 
the  more  delicate  fiber  sheaths  these  four  methods  probably  rank  as 
follows:  Kultschitzky’s,  Weigert’s  original,  Wolters’,  and  Pal’s.  In 
the  Kultschitzky  method  the  staining  is  done  in  an  acid  hematoxylin 
solution,  and  the  formation  of  the  colored  compound  is  carried  out 
at  the  same  time  as  the  differentiation  by  combining  the  lithium 
carbonate  with  the  potassium  ferricyanide. 

Embedding  should  be  in  celloidin.  Thin  sections  are  not  desir¬ 
able  e.xcept  for  detailed  studies  of  the  cortex.  The  medullary  sheath 
stains  give  negative  pictures  of  defects,  /.  c.,  it  is  the  normal  sheaths 
that  are  stained  and  the  loss  of  an  occasional  fiber  cannot  be  de¬ 
tected.  The  method  is,  therefore,  most  applicable  to  coarse  loss  of 
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groups  of  fibcM's,  as  in  tract  rlcgtaicrations,  and  thick  sections  p;ive 
nuicli  belter  contrast  with  these  areas  of  defect  than  thinner  ones. 
The  usual  thickness  for  cortex  sections  is  30  /<.  ('ord  sections  are 
often  better  at  20  /<. 

'I'he  slieaths  stain  for  some  time  after  degeneration  begins  and 
it  is  not  uncommon  to  find  masses  of  degenerated  sheath  material, 
which  still  take  the  characteristic  stain,  engulfed  in  phagocytes. 
Ilecau.se  of  this  fact  and  the  very  slow  absorjition  of  degenerated 
sheaths,  the  Weigert  method  and  its  morlifications  do  not  give  true 
pictures  of  the  amount  of  fiber  loss  until  2  or  months  after  the 
occurrence  of  the  lesion. 

For  total  brain  sections  the  Kultschitzky  method  is  recom¬ 
mended.  The  brain  is  first  fixed  in  toto  in  10  per  cent  formalin  for 
,1  weeks.  Slices  not  over  2  cm.  thick  are  then  cut  and  put  into 
Mullers  Iluid  for  10  weeks  or  more,  with  frequent  changes,  or  in 
Weigert 's  second  mordant.  The  use  of  WTigert’s  double  chrome 
mordant,  the  first  mordant,  is  not  recommended.  It  acts  more 
quickly  and  gives  more  consistent  pictures  of  the  finer  sheaths,  but 
it  does  not  penetrate  so  well  and  renders  the  tissues  more  brittle, 
and  as  these  total  sections  are  used  chielly  for  the  topographical 
survey  of  coarse  lesions  the  minor  losses  in  fine  fibrils  are  not  a 
detriment.  After  careful  dehydration  the  slices  are  carried  through 
absolute  alcohol  and  ether  as  usual,  into  thin  celloidin,  and  are  left 
in  this  for  6  to  S  weeks  in  closed  vessels  and  then  for  about  a  week 
in  thick  celloidin.  After  this  the  celloidin  is  allowed  to  harden  by 
slow  evaporation  of  the  solvents  and  the  block  mounted  and  cut. 
Sections  are  carried  through  the  stain  between  sheets  of  tissue  paper. 

Two  methods  are  given  for  staining  the  medullary  sheaths  in 
frozen  sections.  In  both  of  the.se  the  stain  is  an  iron  hematoxylin 
and  the  mordanting  is  done  on  sections  and  is  comparatively  very 
brief.  These  methods  have  the  advantage  of  rapidity  and  are  accu¬ 
rate  but  they  have  also  the  disadvantages  of  the  frozen  section 
method. 

Weigert’s  Method  for  Myelin  Sheaths  (1884,  1896). — Fixa¬ 
tion. — Fix  in  10  j^er  cent  formalin  2  to  .3  days  or  in  formalin  followed 
by  Muller’s  Iluid  ( p.  42  ).  'Fhe  latter  method  gives  excellent  pictures 
but  as  the  material  ages  it  gets  progressively  more  brittle.  Formalin 
material  of  almost  any  age  gives  good  coarse  pictures  but  in  old 
material  the  finer  sheaths  often  fail  to  stain. 
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Staining  Solutions. — 


Weigert’s  First  Mordant  (Schnellbeize) 


Potassium  bichromate 
Fluorchrome 
Water,  distilled 

Boil,  cool  and  filter. 


5  gm. 
2.5  gm. 
100  cc. 


Weigert’s  Second  Mordant  (Neurogliabeize) 

Copper  acetate,  neutral,  normal,  cupric  5  gm. 

Fluorchrome  2.5  gm. 

Water,  distilled  100  cc. 

Boil  and  then  add: 

Acetic  acid,  glacial  5  cc. 

The  fluorchrome  is  dissolved  by  boiling  the  water,  the  flame  is 
withdrawn  and  the  acetic  acid  added  as  soon  as  boiling  has  ceased, 
and  then  finely  powdered  copper  acetate  is  added  and  stirred 
vigorously  until  dissolved.  This  mordant  may  be  applied  to  either 
blocks  or  sections. 

Iron  Hematoxylin  Solution 
A 

Hematoxylin,  ripened,  10  per  cent  solution  in 


absolute  alcohol  10  cc. 

Alcohol,  95  per  cent  90  cc. 

B 

Ferric  chloride,  29  per  cent  aqueous  solution  4  cc. 

Water,  distilled  96  cc. 


Equal  parts  of  A  and  B  are  mixed  for  use;  this  mixture 
blackens  immediately  through  the  formation  of  iron  hematoxylin 
and  forms  the  staining  fluid.  Keep  in  stock  a  10  per  cent  solution 
of  hematoxylin  in  absolute  alcohol.  At  least  10  days  of  exposure 
to  light  are  required  to  ripen  this  solution  and  it  does  not  reach  its 
greatest  staining  strength  for  several  months. 


Differentiating  Solution 

Borax 

[’otassium  ferricyanide 
Water,  distilled 


2  gm. 
2.5  gm. 
100  cc. 
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MfUiod  oi  Slainin".  1.  Place'  small  blocks  of  tissue,  not  ov('r 
1  cm.  thick,  in  the  first  mordant  for  4  to  ()  days  at  room  tempera- 
tnri'  or  for  1  to  a  da\s  at  47  ('. 

2.  Without  washing  di'hydrate  in  the  dark  in  f^raded  alcohols, 
hi'^inninu:  with  .SO  p('r  ce'iit  and  with  no  steps  greater  tlian  10  per 
ci'iit  to  avoid  shrinkage.  It  desired  the  embedding  process  may  he 
carried  out  after  the  second  mordanting. 

4.  Fanhed  in  celloidin;  let  celloidin  harden  in  the  air. 

4.  Idace  in  the  second  mordant  for  1  day  at  37^  C. 

5.  Put  in  80  [ler  cent  alcohol. 

6.  Cut  sections  20  to  40  /<•  thick. 

7.  Stain  sections  in  the  iron  hematoxylin  solution  for  24  hours. 

8.  Wash  in  tap  water  ’  to  1  hour. 

9.  Differentiate  in  the  borax-potassium  ferricyanide  solution, 
controlling  with  the  microscope,  until  the  white  matter  stands  out 
black  against  the  light  yellow  to  brown  gray  matter.  Differentia¬ 
tion  is  usually  complete  in  15  to  40  minutes,  sometimes  within  a  few 
minutes.  If  it  takes  j'llace  too  rapidly  the  fluid  may  be  diluted 
one-half. 

10.  Wash  thoroughly  in  tap  water  for  24  hours  to  stop  the  de- 
colorization. 

11.  Dehydrate  in  95  per  cent  alcohol. 

12.  Clear  in  aniline-xylol  or  carbol-xylol,  rinse  in  xylol  and 
mount  in  balsam. 

Results. — Myelin  sheaths  blue-black;  background  pale  yellow 
or  almost  colorless. 

Weigert-Pal  Method  for  Myelin  Sheaths  (1886). — Fixation. 
— Fix  in  Muller's  fluid  for  2  weeks  or  more  or  in  10  per  cent  formalin 
followed  by  Miiller’s  fluid.  Dehydrate  in  alcohol,  embed  in  cel¬ 
loidin  and  cut  sections  20  to  40  /'•  thick. 

.Staining  Solutions.- — 

Weigert’s  Lithium  Hematoxylin  Solution 


Hematoxylin  1  gm. 

Water,  distilled  90  cc. 

.Alcohol,  absolute  10  cc. 

Lithium  carbonate,  saturated  acpieous  solution 

I  about  1.4,^  per  cent)  1  cc. 
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Or,  Pal’s  Hematoxylin  Solution. — Make  up  fresh  a  0.75 
per  cent  aciueous  hematoxylin  solution,  by  heating  it,  and  when  cool 
add  a  little  alcohol,  just  before  use  add  2  cc.  of  a  saturated  aqueous 
solution  of  lithium  carbonate  (about  1.33  per  cent)  to  100  cc.  of 
the  hematoxylin  solution. 


Decolorizing  Solution 


Oxalic  acid 
Potassium  sulfite 
Water,  distilled 


1  gm. 
1  gm. 


200  cc. 


Make  this  solution  up  cold  and  keep  in  a  well  stoppered  bottle. 

Method  of  Staining. — 1.  Place  sections  either  at  once  in  the 
staining  solution,  or  if  they  are  greenish  instead  of  brown,  place 
them  for  a  few  hours  in  0.5  per  cent  chromic  acid  or  in  2  to  3  per 
cent  potassium  bichromate  for  longer. 

2.  Otherwise,  pass  sections  from  alcohol  into  Weigert’s  hem¬ 
atoxylin  stain,  to  which  2  to  3  cc.  of  a  solution  of  lithium  carbonate 
saturated  in  the  cold  (about  1.33  per  cent)  have  been  added,  for 
24  to  48  hours  at  room  temperature  or  for  2  hours  in  the  oven;  or 
place  them  in  Pal’s  hematoxylin  solution  for  5  to  6  hours. 

3.  Wash  in  water  to  which  2  to  3  drops  of  saturated  lithium 
carbonate  (1.33  per  cent)  solution  are  added. 

4.  Place  in  0.25  per  cent  solution  of  potassium  permanganate 
for  15  to  20  seconds. 

5.  Wash  in  water. 

6.  Decolorize  a  few  seconds  in  the  decolorizing  solution  until 
only  the  myelinated  nerve  fibers  remain  blue. 

7.  Wash  thoroughly  in  tap  water. 

8.  Dehydrate  in  95  per  cent  alcohol. 

9.  Clear  in  carbol-xylol  followed  by  xylol  and  mount  in  balsam. 

Results. — Myelin  sheaths  are  deep  black;  the  background  is 

unstained.  This  method  gives  excellent  pictures  for  low  power 
examination  and  projections  but  is  not  trustworthy  for  finer  studies. 

Kultschitzky’s  Modification  of  the  Weigert  Method  ( 1890). 
— This  is  the  recommended  method  for  finer  studies  of  cortical 
architecture  and  for  total  brain  sections. 

Fixation. — Fix  in  10  per  cent  formalin  and  mordant  for  4  to 
5  days  in  Weigert’s  second  mordant  (j).  232  ).  Dehydrate  in  alco¬ 
hol  and  embed  in  celloidin. 
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Staining  Solution. — 

Honiatoxylin,  ripened  10  |)er  cent  solution 


in  absolute  alcohol  10  cc. 

Acetic  acid,  2  per  cent  ariueous  solution  90  cc. 

1 ) i iTeren  t ia t  i ng  Sol u t  ion 
I.ithiiun  carbonate,  saturated  arjiieous  solu¬ 
tion  (l.aS  per  cent)  100  cc. 

rotassiuni  ferricyanide,  1  per  cent  af|neous 
solution  10  cc 


Method  oj  Stainino.—  i.  Stain  sections  for  12  to  24  hours  in 
the  hematoxylin  solution. 

2.  Carry  over  directly  into  the  differentiating:  tluid.  Differen¬ 
tiation  is  very  slow  by  this  method  and  can  be  readily  controlled 
with  the  microscope.  It  may  take  4  to  12  hours.  Change  fluid, 
huithei,  the  fact  that  the  formation  of  the  hematoxylin  compound 
takes  place  in  the  ditferentiating  fluid  minimizes  the  danger  of 
decolorizing  the  finer  sheaths. 

S.  Wash  thoroughly  in  water. 

4.  Dehydrate  in  95  per  cent  alcohol. 

5.  (  lear  in  ferpineol  or  in  oil  of  origanum  and  after  blotting 
rinse  in  xylol  to  remove  oil  and  mount  in  balsam. 

Residts. — Finest  myelin  sheaths  deep  black. 

Wolters’  Modification  of  the  Weigert  Method  for  Myelin 
Sheaths  (1890). — Fixation. — Fix  in  Miiller’s  lluid  or  10  per  cent 
formalin  followed  by  iMiillers  fluid.  Wash,  dehydrate  in  alcohol, 
embed  in  celloidin  and  cut  sections. 

Staining  Solution. — 

Kultschitzky’s  Hematoxylin  Solution 


Hematoxylin  2  gm 

-Alcohol,  absolute,  sufficient  to  dissolve  the 
hematoxylin 

-Acetic  acid,  2  per  cent  aqueous  solution  100  cc. 

Decolorizing  Solution 

Oxalic  acid  ]  (thi 

Potassium  sulfite  1 

Water,  distilled  200  cc 
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Method  of  Staining. — 1.  Place  sections  at  once  in  Kultschitzky’s 
hematoxylin  solution  for  24  hours  on  top  of  a  paraffin  oven  which 
has  a  temperature  of  45°  C. 

2.  Dip  sections  in  Miiller’s  lluicl  (p.  42). 

3.  Place  in  0.25  per  cent  potassium  permanganate  20  to  30 
seconds. 

4.  Wash  m  water. 

5.  Differentiate  in  a  freshly  prepared  decolorizing  solution  for 
Vl>  to  3  minutes. 

6.  Wash  thoroughly  in  water. 

7.  Dehydrate  in  95  per  cent  alcohol. 

8.  Clear  in  terpineol  or  in  oil  of  origanum  and  after  blotting 
rinse  in  xylol  and  mount  in  balsam. 

Results. — Myelin  sheaths  stain  intensely  blue-black;  nerve 
fibers  blue-black;  background  light;  ganglion  cells  yellow  to  yel¬ 
lowish  brown. 

Wright’s  Method  for  Myelin  Sheaths  in  Frozen  Sections.— 

Fixation. — Fix  in  10  per  cent  formalin.  Cut  frozen  sections  and 
attach  the  sections  to  the  slide  by  the  aniline-oil  of  clove  method 
(p.  33).  The  attachment  of  the  section  to  the  slide  by  the  method 
specilied  is  important,  because  it  prevents  distortion  of  the  section 
and  because  this  treatment  of  the  section  facilitates  the  staining, 
apparently  by  the  removal  of  interfering  fatty  material. 

Method  of  Staining. — 1.  Cover  the  sections  with  a  10  per  cent 
aqueous  solution  of  ferric  chloride  for  5  minutes. 

2.  Remove  excess  of  ferric  chloride  solution  from  around  the 
section,  leaving  some  on  the  section,  and  pour  on  the  slide  as  much 
as  it  will  hold  of  a  freshly  prepared  aqueous  solution  of  hematoxylin. 
The  hematoxylin  solution  is  prepared  by  heating  a  few  crystals  of 
hematoxylin  in  about  15  cc.  of  distilled  water.  The  hematoxylin 
must  be  of  good  quality.  Stain  for  30  minutes. 

3.  W^ash  quickly  in  water. 

4.  Differentiate  by  moving  the  slide  about  in  a  10  per  cent 
acpieous  solution  of  ferric  chloride  until  the  gray  substance  is  defined 

and  the  pia  appears  white. 

5.  Wash  thoroughly  in  several  changes  of  water. 

6.  Dehydrate  in  95  per  cent  alcohol. 

7  (dear  in  terpin('()l  or  in  oil  of  origanum  and  mount  in  balsam. 

Re.sults. — Myelin  sheaths  blue-black. 
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Spielmeyer’s  Method  for  Myelin  Sheaths  in  Frozen  Sections 
(  1930).  /fixation,  t'ix  in  10  per  cent  formalin  3  days  at  least  and 
wash  in  running  water  1  hour.  ('u(  frozen  sections  20  to  30  p.  thick. 

Staining  Solution. — 

Hemato.xylin,  10  i>er  cent  solution  in  absolute 
alcohol,  well  ripened  5  cc. 

Water,  distilled  100  cc. 

1  he  hemato.xylin  solution  must  be  old  and  can  be  used  over  and 
over  again  as  its  staining  power  improves  with  age. 

Method  of  Staining. —  1.  Place  for  6  hours  or  longer  in  2.5  per 
cent  aqueous  solution  of  ammonio-ferric  alum. 

2.  Rinse  in  water  and  then  place  for  10  minutes  in  70  per  cent 
alcohol.  The  washing  in  70  per  cent  alcohol  is  to  remove  fat 
substances  wdiich  might  interfere  with  even  staining. 

3.  Stain  10  to  24  hours  in  the  hematoxylin  solution.  Occasional 
irregular  staining  indicates  that  the  fat  has  not  been  entirely  re¬ 
moved.  Such  sections  may  be  carried  back  through  water  to  70 
per  cent  alcohol  and  again  stained  and  differentiated. 

4.  Rinse  in  distilled  water. 

5.  Differentiate  in  the  ammonio-ferric  alum  solution  given 
above.  Control  results  with  the  microscope. 

6.  \\  ash  thoroughly  in  2  changes  of  distilled  water,  then  1  to 
2  hours  in  tap  water. 

7.  Dehydrate  in  95  per  cent  alcohol. 

8.  Blot,  clear  in  xylol,  repeat  blotting  followed  by  xylol  twice 
and  mount  in  balsam. 

Results. — Myelin  sheaths  black. 

(2)  Degenerating  Myelin.— The  majority  of  the  products  of 
degeneration  in  the  nervous  system  are  fatty  in  nature  and  the  most 
important  methods  for  their  demonstration  are  the  scarlet  red  and 
osmic  acid  procedures.  Scarlet  red  stains  not  only  the  neutral  fats 
and  fatty  acids  produced  by  degeneration  and  autolysis  of  nerve 
cells  but  also  many  lipoid  pigments.  There  are,  however,  a  number 
of  other  degenerative  products. 

Marchi’s  Method  for  Fatty  Degeneration  (1885). _ This 

method  is  the  classical  one  for  the  demonstration  of  .secondary  de¬ 
generation  of  the  myelin  sheath  following  death  of  the  axis  cylinder, 
but  can  also  be  used  to  demonstrate  fatty  changes  within  the  nerve 
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cells,  and  elsewhere.  In  contrast  with  Weigert’s  stains  it  gives  a  posi¬ 
tive  picture  of  the  sheaths  that  are  actually  undergoing  degeneration 
and  has  been  the  chief  method  for  following  the  course  of  individual 
fiber  groups  and  tracts.  It  is  applicable,  however,  only  to  niedul- 
lated  fibers  and  the  effect  of  a  lesion  is  not  demonstrable  until 
a  week  after  its  occurrence.  Normal  sheaths  reduce  osmic  acid  to 
metallic  osmium  but  previous  treatment  with  a  chrome  salt  so  alters 
them  that  this  reduction  does  not  take  place.  The  neutral  fats, 
fatty  acids  and  most  lipochromes  are  not  so  altered,  however,  and 
hence  blacken  on  exposure  to  osmic  acid.  Osmium  which  has  been 
reduced  by  fat  is  soluble  in  ether,  turpentine  and  xylol  but  much 
less  so  in  alcohol,  chloroform,  oil  of  cloves  and  oil  of  origanum. 

Fixation. — Fix  in  Muller’s  tluid.  For  fiber  tract  study  prelim¬ 
inary  hardening  in  formalin  is  possible  but  is  not  recommended. 
For  the  finer  stippling  of  early  fatty  degeneration  of  the  cells  fixa¬ 
tion  should  always  be  in  Muller’s  fluid  direct.  Small  pieces  should 
be  fixed  for  8  days  to  5  weeks  with  frequent  changes  of  the  fixing 
solution. 

Method  oj  Staining. — 1.  Transfer  directly  to  the  following 
freshly  prepared  solution  for  4  to  30  days  in  the  dark  with  changes 
of  the  fluid  when  it  blackens; 

INIuller’s  fluid  (p.  42)  2  parts 

Osmic  acid,  1  per  cent  aqueous  solution  1  part 

Brain  tissue  must  remain  in  this  mixture  longer  (20-30  days) 
than  the  spinal  cord  (8-12  days). 

2.  Wash  24  hours  in  running  water. 

3.  Dehydrate  and  embed  rapidly,  in  paraffin  for  cellular  study 
or  in  celloidin  for  tract  preparations.  The  steps  of  the  embedding 
methods  should  be  shortened  as  much  as  is  consistent  with  proper 
impregnation.  With  small  thin  pieces  paraffin  embedding  (by  the 
chloroform,  not  the  xylol,  method)  may  be  accomplished  satisfac¬ 
torily  in  12  to  16  hours. 

4.  Cut  paraffin  sections  as  thin  as  possible,  4  to  6  and  counter¬ 
stain  lightly,  if  desired,  with  van  Cieson’s  stain  (p.  92).  Celloidin 
preparations  for  tract  studies  may  be  much  thicker,  20  /x. 

5.  Dehydrate  rapidly  in  95  per  cent  followed  by  absolute  alcohol. 

6.  Clear  in  chloroform  and  mount  in  chloroform  balsam. 
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Olloidin  sections  are  cleared  in  oil  of  origanum  after  95  per 
cent  alcohol  and  mounted  in  balsam. 

AV.W///.V.— -Foci  of  degeneration  are  stained  black.  Degenerat¬ 
ing  myelin  appears  as  black  dots  on  a  yellowish  background  of  nor¬ 
mal  myelinated  fibers,  neuroglia  and  nerve  cell  bodies. 

\  ery  thin  i)ieces  of  tissue  hxed  for  24  hours  in  formalin,  then 
washed  out  and  left  for  1  to  2  weeks  in  the  dark  in  Flemming’s  fluid 
( p.  44)  with  changes  as  the  lluid  blackens,  give  excellent  iiictuia's 
of  the  fats  in  phagocytes  and  in  the  vascular  endothelium  but  they 
are  by  no  means  so  accurate  as  those  stained  by  the  Marchi  method. 

c.  Neuroglia  Stains 

Fnder  this  heading  are  included  two  different  types  of  cells. 

(  1 )  The  astrocyte,  which  occurs  in  twm  forms,  the  protoplasmic 
and  the  fibrous  or  fibrillary.  The  latter  produces  the  neuroglia 
fibrils.  (2)  The  oligodendroglia  cells. 

(a)  Stains  for  Astrocytes 

The  older  conception  of  the  neuroglia  was  gained  largely  through 
the  application  of  the  Golgi  silver  methods  and  the  pictures  obtained 
of  the  relation  of  the  neuroglia  fibrils  to  the  cell  bodies  were  mis¬ 
leading  in  that  the  incrustation  led  directly  over  from  the  fiber  to 
the  cytoplasmic  extensions  of  the  angular  cell  body  and  gave  a 
picture  of  simple  elongation  of  the  cytoplasm  into  fibrillar  expan¬ 
sions.  The  later  methods,  particularly  Mallory’s  phosphotungstic 
acid  hematoxylin  and  Weigert’s  stain,  color  the  fibrils  selectively 
and  have  led  to  the  present  conception  of  the  fiber  as  a  differentiated 
structure  which,  in  the  mature  state,  lies  in  contact  with  the  parent 
cell.  For  demonstration  of  the  neuroglia  fibrils  fresh  tissue  is  of  the 
utmost  importance.  The  best  results  are  obtained  with  material 
taken  from  the  body  within  1  hour  after  death.  After  4  to  6  hours 
the  results  are  only  fair  and  after  24  hours  the  loss  in  normal  neu¬ 
roglia  fibrils  is  often  marked.  All  fibrils  do  not,  however,  disappear 
with  equal  rapidity  after  death.  The  coarse  fibrils  of  neuroglia 
scars,  the  heavy  fibers  of  the  white  matter  of  the  cord  and  those 
arising  from  the  buried  ends  of  the  ependymal  cells  apparently 
resist  disintegration  longer  than  the  finer  supportive  framework  of 
the  cortex  and  white  matter  of  the  cerebrum.  Furthermore  this 
disintegration  is  not  entirely  a  postmortem  change.  In  cases  of 
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death  following  high  febrile  periods  the  neuroglia  stains  may  fail 
practically  entirely  even  on  fresh  material.  Alzheimer  has  demon¬ 
strated  the  disintegration  of  the  fibers  in  such  cases  and  this  destruc¬ 
tion  is  probably  to  be  correlated  with  the  “soft  brains”  of  acute 
infectious  disease.  Here  also  the  destruction  apparently  is  more 
striking  in  the  finer  normal  fibers  than  in  the  coarser  network  of 
neuroglial  replacements. 

For  best  results  by  either  the  IMallory  or  the  Weigert  method, 
it  is  important  to  fix  thin  slices  of  fresh  tissue.  The  phosphotungstic 
acid  hematoxylin  stain  has  the  advantage  that  it  is  much  simpler 
and  that  after  fixation  the  material  is  permanent  and  sections  can 
be  prepared  as  needed.  With  the  Weigert  method  practically  all 
the  steps  must  be  carried  out  without  delay  in  order  to  get  the  best 
results.  Even  after  staining  there  is  greater  danger  of  fading  in 
the  Weigert  stain.  This  is  particularly  true  if  the  aniline  oil  has 
not  been  thoroughly  removed.  Material  fixed  in  Zenker’s  fluid  and 
prepared  for  the  phosphotungstic  acid  hematoxylin  method  is  also 
available  for  a  variety  of  general  stains  and  for  study  of  the  meso¬ 
dermal  elements  in  the  nervous  tissues.  IMaterial  fixed  in  Weigert’s 
neuroglia  mordant  is  available  for  the  demonstration  of  the  neuroglia 
cells  by  several  methods.  Where  striking  contrast  is  desired,  as 
for  microphotography  and  demonstrations  to  students,  the  W  eigert 
method  is  recommended.  However,  the  comparative  simplicity,  the 
permanence  of  the  stain,  and  the  greater  delicacy  of  the  pictures 
without  sacrifice  of  selectivity,  make  Mallory  s  phosphotungstic 
acid  hematoxylin  the  method  of  choice  for  practically  all  purposes. 
Both  methods  stain  fibrin  intensely  and  also  the  fibroglia  and 
myoglia  fibrils,  if  the  tissue  is  fresh  when  fixed. 

Most  neuroglia  methods  are  more  successful  in  the  white  matter 
than  in  the  gray.  In  the  white  matter  of  both  cord  and  brain  the 
clear  background  furnished  by  practically  colorless  medullary 
sheaths  serves  to  bring  out  the  neuroglia  cells  and  fibers  with  great 
distinctness.  In  the  cortex  and  spinal  gray  matter,  however,  the 
background  takes  an  indefinite  cloudy  or  hazy  stain  which  shows 
practically  no  detailed  structures  of  its  own  and  obscures  the  clear 
view  of  the  contained  neuroglia  fibrils.  In  phosphotungstic  acid 
hematoxylin  preparations  this  background  is  a  pale  tan  color,  not 
unlike  that  which  the  bodies  of  neuroglia  cells  take.  One  of  Cajal’s 
methods  (given  later)  stains  (he  neuroglia  fibrils  with  startling 


SJM'X'IAl.  ORC.ANS 


241 


cleariu'ss  and  at  tlu*  same  time  stains  in  the  cortex  a  tenuous  inter- 
lacimj;  meshwork  whicli  is  apparently  made  up  of  extensions  of  the 
neuroglia  cell  cytoplasm,  and  it  seems  i)rol)able  that  diffuse  staining 
ot  this  material  is  the  reason  lor  the  lack  of  clearness  by  other 
methods. 

Mallory’s  Phosphotimgstic  Acid  Hematoxylin  Stain.  This 
has  already  been  given  under  the  heading  of  hematoxylin  stains 
(jv  7()).  ll  is  \ery  useful  also,  however,  for  neuroglia  fibrils.  It 
has  two  disadvantages.  It  has  been  used  ordinarily  only  after 
fixation  in  Zenker  s  fluid  and  it  tends  to  stain  the  myelin  sheaths 
more  or  less  deeply. 

kor  formalin-tixed  material  the  following  modification  has  been 
found  useful. 

Fixation. — Fix  in  10  per  cent  formalin.  Mordant  thin  sections 
of  tissue  in  a  saturated  solution  of  lead  chloride,  as  directed  for 
axis  cylinders  (jv  226).  Embed  in  celloidin  or  paraffin. 

Method  oj  Staining.— I .  Place  sections  in  5  per  cent  aqueous 
solution  of  oxalic  acid  for  30  to  60  minutes. 

2.  Rinse  in  tap  water. 

3.  Stain  in  phosphotimgstic  acid  hematoxylin  (p.  76)  for  3  to 
24  hours. 

4.  Rinse  in  water. 

5.  Dehydrate  in  95  per  cent  alcohol,  followed  by  absolute  alco¬ 
hol  for  paraffin  sections. 

6.  Clear  in  .xylol  for  paraffin,  terpineol  or  oil  of  origanum  for 
celloidin  sections,  and  mount  in  balsam. 

Results. — Xeuroglia  fibrils  clear  blue;  collagen,  axis  cylinders, 
cell  cytoplasm  and  jirocesses  reddish.  Coarse  elastic  fibrils  bluish. 
Myelin  blue  to  bluish  gray. 

Weigert’s  Differential  Stain  for  Neuroglia  Fibrils  (TS95). 
— Fixation. —  1.  Fix  thin,  fresh  pieces  of  tissue,  not  over  0.5  cm. 
thick,  in  10  per  cent  formalin  for  4  days  at  least.  Change  the  fluid 
after  the  first  day. 

2.  Mordant  in  Weigert’s  neuroglia  mordant  (|i.  232)  for  4  to 
5  days  at  37°  C.  or  for  8  days  at  room  temperature.  Fixation  and 
mordanting  may  be  combined  by  placing  the  tissue  at  once  in  a 
mixture  of  1  part  of  formalin  to  9  jiarts  of  the  mordant  for  the 
first  24  hours  and  then  transferring  to  the  mordant  without  formalin 
for  8  days. 

16 


242 


PA'l'irOLOCilCAI.  TEt'ILVK^UE 


3.  Wash  in  water,  dehydrate  in  graded  alcohols,  embed  in  celloi- 
din  or  paraffin. 

Staining  Solution. — 

Methyl  Violet  Solution 

Methyl  violet,  saturated  solution  in  80  per 

cent  alcohol  (15.21  per  cent)  100  cc. 

(Oxalic  acid,  5  per  cent  aqueous  solution  5  cc. 

Make  up  this  solution  by  saturating  the  methyl  violet  with  heat 
and  decanting  when  cold,  then  adding  the  oxalic  acid. 

Reducing  Solution 

Chromogen  5  gm. 

Formic  acid,  sp.  gr.  1,20  5  cc. 

Water,  distilled  100  cc. 

To  each  90  cc.  of  this  add  10  cc.  of  a  10  per  cent  solution  of 
sodium  sulfite  just  before  using,  and  filter  carefully.  The  sections 
bleach  rapidly  but  should  be  left  in  the  solution  as  directed. 

]\lethod  of  Staining. — 1.  Place  sections,  cut  not  over  20  thick, 
for  10  minutes  in  0.3  per  cent  aqueous  solution  of  potassium  per¬ 
manganate. 

2.  Rinse  twice  in  distilled  water. 

3.  Put  into  the  reducing  fluid  for  2  to  4  hours. 

4.  Rinse  twice  in  distilled  water. 

5.  Stain  for  a  few  minutes  (staining  is  practically  instantaneous) 
in  the  methyl  violet  mixture.  Staining  is  best  accomplished  on  the 
slide. 

6.  Drain  off  stain  and  pour  over  the  section  a  saturated  solution 
of  iodine  in  a  5  per  cent  aqueous  solution  of  potassium  iodide  for  .■)0 
seconds.  Saturation  with  iodine  is  important. 

7.  Dry  section  with  filter  paper  and  differentiate  thoroughly  in 
a  mixture  of  equal  parts  of  xylol  and  aniline. 

8.  Rinse  in  xylol  to  remove  the  aniline  completely  and  mount 
in  balsam. 

After  Step  2  the  sections  may  be  rinsed  in  distilled  water  and 
left  overnight  in  a  filtered  5  per  cent  aqueous  solution  of  chromogen, 
then  rinsed  and  carried  through  as  above.  This  alfords  the  so-called 
contrast  which  gives  the  neuroglia  fibers  a  somewhat  darker  color 
and  stains  the  background  pale  yellow.  Connective  tissue  stains 
blue  after  this  step,  however. 
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Alter  staining,  sections  should  lx*  left  in  strong  light  for  several 
clays  as  this  aids  in  fixang  the  stain. 

/w'.w///,v.— Xeuroglia  hbers  blue;  nuclei  blue;  cyto|)lasm  and 
connective  tissue  unstained. 

Bailey’s  Stain  for  Neuroglia  Fibrils  ( 1923). — The  success  of 
the  stain  depends  on  the  freshness  of  the  material.  The  best  residts 
are  obtained  after  luxation  in  Zenker’s  lluid,  but  formalin-lixed 
tissue  may  be  used  after  mordanting  in  the  block  or  on  the  slide 
in  Zenker  s  lluid,  or  preferably  in  Bonin’s  lluid  overnight  and  then 
[massing  through  the  bichromate  solution  (Step  2)  in  the  usual  wav. 

Fixation. — Fix  tissues  in  Zenker’s  lluid.  Embed  in  jjaraffm  and 
cut  sections  5  x  thick. 

Staining  Solution. —  To  a  saturated  acjueous  solution  of  ethyl 
violet  diluted  with  3  volumes  of  distilled  water  add  a  saturated 
aqueous  solution  of  orange  G  (about  10.86  per  cent)  drop  by  drop 
with  a  pipette,  testing  from  time  to  time  for  the  end-point.  This 
is  done  by  letting  a  drop  fall  on  a  filter  paper.  The  ring  which 
forms  around  the  precipitate  will  be  blue  until  the  end-[)oint  is 
reached,  when  it  will  become  orange.  Care  should  be  exercised  to 
stop  just  short  of  this  moment.  The  precipitated  dye  is  filtered 
and  the  precipitate  washed  once  with  distilled  water.  After  it 
has  dried  add  enough  absolute  alcohol  to  dissolve  it  and  keep  as 
the  stock  solution. 

Method  of  Staining.-  Remove  paraffin  and  pass  sections 
through  alcohol  and  iodine  to  water  in  the  usual  way. 

2.  Place  for  3  days  in  a  3  per  cent  aqueous  potassium  bichro¬ 
mate  solution. 

3.  Rinse  and  place  for  12  hours  or  longer  in  a  solution  of  neu¬ 
tral  ethyl  violet-orange  G  made  by  diluting  1  portion  of  the  stock 
solution  with  3  parts  of  20  per  cent  alcohol. 

4.  Blot  and  agitate  quickly  in  anhydrous  acetone. 

5.  Place  in  toluol  for  a  few  seconds;  then  wipe  most  of  it  off 
the  slide  with  a  towel. 

6.  Flood  slide  with  pure  oil  of  cloves. 

7.  Differentiate  in  oil  of  cloves  3  parts,  95  per  cent  alcohol  1 
part,  agitating  the  slide  and  watching  with  the  microscope  until  the 
small  blond  vessels  show  up  as  orange  rings. 

8.  Blot  and  rinse  in  pure  oil  of  cloves. 

9.  Blot  and  agitate  in  toluol;  then  .xylol  half  a  dozen  changes, 
and  mount  in  balsam. 
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Results. — Neuroglia  fibrils  appear  dark  violet  on  an  orange  back¬ 
ground.  This  method,  like  other  neuroglia  procedures,  stains  also 
fibroglia  and  myoglia  fibrils. 

I'he  chief  methods  for  the  neuroglia  fibers,  those  of  Mallory  and 
Weigert,  stain  the  fibers  selectively  and  leave  neuroglia  cell  cyto¬ 
plasm  practically  unstained.  In  early  gliosis  where  marked  degen¬ 
eration  of  nerve  tissue  is  taking  place  and  the  astrocytes  are  prolif¬ 
erating  rapidly  to  fill  the  defect  but  are  not  as  yet  actively  producing 
fibers,  the  cytoplasm  increases  very  markedly  from  the  normal  small 
angular  cell  body  to  a  large  ovoid  or  irregular  mass  ( “cellular 
gliosis”).  Often  these  large  cells  are  crowded  irregularly  into  the 
interstices  between  white  fibers  and  form  relatively  enormous  masses 
with  multiple  nuclei  and  no  clear  evidence  of  division  of  their  bodies. 
These  are  the  “ameboid”  neuroglia  cells  of  Alzheimer.  They  are 
short-lived  structures  occurring  early  in  the  course  of  degenerative 
lesions.  Some  of  them  probably  go  on  to  the  production  of  fibers 
and  thus  take  part  in  the  scar  formation  resulting  in  the  neuroglial 
replacement  which  is  the  common  end  result  of  such  lesions.  Many, 
however,  undergo  degeneration  by  fragmentation  of  their  cytoplasm, 
resulting  in  the  formation  of  a  mosaic  of  small  angular  masses  stain¬ 
ing  with  variable  intensity,  the  “Fiillkorperchen”  of  Alzheimer. 
The  formation  of  “ameboid”  astrocytes  is  apparently  an  acute  reac¬ 
tion  and  seems  particularly  profuse  in  rapid  degenerations  of  con¬ 
siderable  masses  of  fibers  and  sheaths  as,  for  example,  in  subacute 
posterolateral  sclerosis  and  much  less  frequently  in  the  slowly  pro¬ 
gressive  processes  such  as  tabes.  In  chronic  meningitis  ( c.  g.,  simple 
syphilitic  infiltrative  meningitis)  there  is  often  a  distinct  zone 
formed  between  the  marginal  neuroglia  and  the  outermost  fibers 
of  the  cord  made  up  of  closely  packed  “ameboid”  cells.  This  appears 
at  times  as  a  protective  walling  off  of  the  cord  tissues  proper  as 
there  is  frequently  no  demonstrable  loss  of  fibers  underlying  this 
mantle. 

The  general  stains  such  as  the  phloxine-methylene  blue  will 
frequently  give  a  fairly  good  clue  to  the  presence  of  the  pathological 
neuroglia  cells  in  numbers  and  good  pictures  are  sometimes  ob¬ 
tained  in  alum  hematoxylin-van  (lieson  and  in  toluidine  blue  piepa- 
rations.  Three  special  methods  are  given  here,  howe\-er,  which  arc 
recommended  for  more  accurate  studies.  All  of  these  methods  aie 
credited  to  Alzheimer. 
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Alzheimer’s  Modification  of  Mallory’s  Phosphomolybdic 
Acid  Hematoxylin  Stain  for  Neuroglia  Changes  (  1909-10). — 
Fixatio)!.-  1.  f'ix  in  W’t'i^ert's  iK'uroglia  mordant  (j).  2M)  for  2 
weeks,  or  in  neuroglia  mordant  to  whicli  10  per  cent  of  formalin 
lias  been  added  lor  24  hours,  lollowcd  Iiy  the  neuroglia  mordant 
alone  tor  2  weeks.  The  tormer  method  is  preferable. 

2.  \\  ash  in  running  water  for  8  to  12  hours  to  remove  the  excess 
copper  which  otherwise  will  rapidly  injure  the  knife  edge.  Pro¬ 
longed  washing  seems  to  have  no  deleterious  effect  on  the  stain. 

8.  Cut  frozen  sections  not  over  10  to  15  /<■  thick. 

Method  ot  Stainhn^. —  I.  Wkish  sections  2  minutes  in  distilled 
water  to  which  a  little  glacial  acetic  acid  has  been  added,  about  1 
drop  to  10  cc. 

2.  Carry  over  directly  for  2  minutes  to  a  very  weak  solution  of 
Mallory’s  phosphomolybdic  acid  hematoxylin  prepared  by  adding 
the  stain  (p.  156)  dia)p  by  drop  to  a  dish  of  distilled  waiter  until 
the  mixture  has  just  lost  its  transparency. 

3.  Rinse  quickly  in  distilled  water. 

4.  Dehydrate  rapidly  in  graded  alcohols. 

5.  Clear  in  xylol  and  mount  in  balsam. 

Residts. — The  sections  should  be  reddish  blue.  Blue  sections 
show’  a  less  selective  staining.  The  neuroglia  cells  and  nerve  cell 
bodies  are  stained  a  pale  bluish  red,  the  axis  cylinders  in  the  white 
matter  are  darker.  Pathological  astrocytes  vary  considerably,  even 
adjacent  cells,  in  the  intensity  with  which  they  are  colored  and  often 
show’  deeply  stained  granular  inclusions.  Neuroglia  fibers  are 
darker  than  the  cytoplasm  and  well  differentiated. 

Alzheimer’s  Modification  of  Mann’s  Eosin-Methyl  Blue 
Stain  for  Neuroglia  Changes  (  1909-10  l  .—C/.va/m;/.— Fix  thin 
pieces  of  ti.ssue  for  2  w’eeks  in  Weigert’s  neuroglia  mordant  ( p.  232  ) 
to  which  10  per  cent  of  formalin  has  been  added.  Wash  8  to  12 
hours  in  running  w’ater.  Cut  frozen  sections  10  /<.  thick. 

Staining  Solution. — ■ 


Mann’s  Eosin-Methyl  Blue  Solution 


Methyl  blue,  1  per  cent  aqueous  solution 
Fosin,  1  per  cent  aqueous  solution 
Water,  distilled 


35  cc. 
35  cc. 
100  cc. 
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Method  oj  Staining. —  1.  IVIordant  sections  2  to  12  hours  in  a 
saturated  aqueous  solution  of  phosphomolybdic  acid  (phosphomo- 
lybdic  acid  is  readily  soluble  in  water). 

2.  Wash  rapidly  in  2  changes  of  distilled  water. 

3.  Stain  in  Mann’s  .solution  1  to  5  hours. 

4.  Wash  rapidly  in  distilled  water  until  color  clouds  are  no 
longer  given  off. 

5.  Place  in  95  per  cent  alcohol  until  the  gray  matter  becomes 
a  light  blue.  The  white  matter  should  have  a  bright  red  or  pink 
color. 

6.  Pass  through  absolute  alcohol  quickly. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Results. — This  method  gives  beautiful  preparations  of  the  white 
matter,  and  they  keep  well.  Normal  medullary  sheaths  are  color¬ 
less  to  light  pink,  depending  on  the  degree  of  decolorization  in 
the  alcohol.  Degenerating  myelin  sheaths  are  deep  pink  to  red. 
Normal  axis  cylinders  are  deep  blue  to  purple.  Degenerating  axis 
cylinders  are  glistening  red.  Neuroglia  cytoplasm  is  pale  blue  and 
the  fibers  dark  blue.  “/\meboid”  astrocytes  vary  from  pale  to  dark 
blue,  as  do  Alzheimer’s  “Fullkorperchen.”  Collagen  is  dark  blue. 
In  the  gray  matter  the  preparations  are  less  acceptable.  The  nerve 
cells  stain  dark  blue  and  show  relatively  little  detail  and  the  back¬ 
ground  also  lacks  clear-cut  differentiation.  The  method  is  partic¬ 
ularly  useful  in  demonstrating  the  abnormal  astrocytes  in  the  white 
matter  and  bids  fair  to  become  of  service  as  a  method  for  the  early 
recognition  of  degenerating  axis  cylinders.  The  change  from  blue 
to  red  staining  takes  place  in  experimental  material  as  early  as  48 
hours  after  a  lesion,  while  the  other  method  by  which  this  degenera¬ 
tion  is  usually  demonstrated  (IMarchi)  depends  on  .slow  secondary 
changes  in  the  medullary  sheath,  which  do  not  begin  to  appear  for 
about  7  days. 

Alzheimer’s  Light  Green-Acid  Fuchsin  Method  for  Neu¬ 
roglia  Changes  (1909  10). — Fixation. — Fix  in  10  per  cent  forma¬ 
lin  24  hours,  not  over  4  days  at  most.  Wash  24  hours  in  running 
water.  Transfer  very  thin  pieces  to  Flemming's  solution  (p.  44) 
containing  only  1  to  2  drops  of  acetic  acid  for  8  days  in  the  dark. 
'Fhe  solution  should  be  in  considerable  volume  in  proportion  to  the 
tissue  and  should  be  changed  once  or  twice  during  the  [>eriod  if  it 
blackens.  Embed  in  paraffin  and  cut  very  thin  sections,  2  to  4  /t. 

Method  oj  Staining. — 1.  Stain  sections  in  a  saturated  aqueous 


SIM'X'IAI.  OKC.ANS 


247 


:^c)luti()n  of  acid  fuclisin  (about  20  [)cr  cent)  for  1  hour  at  about 
oO  ('. 

2.  Let  cool  and  wash  in  tap  water. 

3.  Immerse  in  the  following  solution,  varying  the  time  with  the 
tissue  from  a  single  immersion  to  2  minutes: 

Picric  acid,  saturated  alcoholic  solution  (about 

8.9  per  cent)  30  cc. 

Water,  distilled  60  cc. 

4.  Wash  in  2  changes  of  tap  water. 

5.  Stain  for  30  minutes  to  1  hour  in  a  10  per  cent  aqueous  solu¬ 
tion  of  light  green. 

6.  Wash  in  2  changes  of  tap  water. 

7.  Differentiate  to  a  violet  color  in  95  per  cent  alcohol. 

S.  Pass  through  absolute  alcohol  quickly. 

9.  Clear  in  xylol  and  mount  in  balsam. 

The  procedure  is  somewhat  uncertain  and  must  be  varied  with 
the  tissue.  The  material  must  be  fresh  and  pieces  must  be  small. 
The  color  of  the  finished  specimen  to  the  naked  eye  should  be  neither 
red  nor  green  but  a  delicate  lilac.  It  often  proves  necessary  to  run 
several  experimental  sections  in  order  to  determine  the  optimum 
time  in  picric  acid  and  light  green,  but  good  preparations  will  repay 
this  labor. 

Results. — The  method  gives  extremely  delicate  pictures.  “.\me- 
boid”  astrocytes  are  varying  shades  of  green  and  often  contain 
fuchsinophile  granules  or  brown  stained  lipoid  inclusions.  The  lipoid 
contents  of  perivascular  jihagocytes  are  brown  to  black.  Neuroglia 
fibers  and  red  blood  corpuscles  are  red,  medullary  sheaths  unstained, 
connective  tissue  deep  green,  nerve  cells  pale  green  with  red  stip¬ 
pling,  and  nerve  cell  nuclei  are  darker  green  with  bright  red 
nucleoli. 

Alzheimer’s  Stain  for  Granules  in  Neuroglia  Cells  (1909- 
10). — .Alzheimer  has  given  several  methods  for  the  demonstration  of 
various  granules  produced  by  degenerations  of  the  neuroglia  and 
nerve  cells.  Among  the  most  interesting  of  this  group  are  the  fuch¬ 
sinophile  granules  which  are  brought  out  by  the  light  green-acid 
fuchsin  stain.  .Alzheimer  considers  these  as  precursors  of  the  fatty 
degeneration  products,  'fhese  may  be  more  strikingly  stained  by 
the  following  procedure. 
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Fixation  —  Y\x  in  10  jier  cent  formalin  for  24  liours.  Wash  in 
running  water.  I'ransfer  thin  pieces  to  Flemming’s  solution  (j).  44) 
in  the  dark  for  8  days,  changing  the  solution  if  it  blackens.  Fmbed 
in  paraffin  and  cut  sections  2  to  4  /x  thick. 

Staining  Solution. — ■ 

Hematoxylin,  10  per  cent  alcoholic  solution, 

ripened  10  cc. 

Water,  distilled  87  cc. 

Lithium  carbonate,  saturated  aqueous  solution 

(about  1.33  per  cent)  3  cc. 

Method  oj  Staining. —  1.  IMordant  sections  for  1  hour  at  37°  C. 
in  a  saturated  aqueous  solution  of  copper  acetate  (about  12.5  per 
cent). 

2.  Wash  twice  in  water. 

3.  Stain  in  the  hematoxylin  solution  for  30  minutes. 

4.  Rinse  in  water. 

5.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Results. — The  granules  are  stained  blue-black  on  a  pale  back¬ 
ground  in  which  sufficient  detail  shows  for  orientation. 

Two  fundamental  metallic  staining  methods  originating  with 
Cajal  and  del  Rio-Hortega  have  been  of  the  greatest  value  in  the 
study  of  the  nervous  system.  Because  of  various  factors  they  are 
not  always  successful.  This  has  led  to  innumerable  modifications. 
The  following  methods  recommended  by  Dr.  Wilder  Penfield  seem 
sufficient  for  inclusion  in  this  type  of  book  and  they  have  been 
found  reliable  even  in  the  hands  of  the  inexpert. 

It  is  exceedingly  important  for  the  success  of  the  metallic  stains 
that  all  chemicals  used  be  of  the  highest  purity  and  that  the  glass¬ 
ware  be  scrupulously  clean.  See  page  158  for  a  discussion  of  the 
precautions  to  be  taken. 

The  chemical  formulas  involved  in  the  metallic  staining  reactions 
are  not  known. 

Cajal’s  Gold  Chloride  Sublimate  Method  for  Astrocytes 
( 1923). — The  procedure  given  here  is  the  one  recommended  by  Pen- 
field  (McClung,  1937). 

Fixation. —  1.  Fix  thin  blocks  or  slices  of  tissue  in  formalin- 
ammonium  bromide  solution  for  1  day  in  the  incubator  at  37  C. 
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15  cc. 

2  gm. 
85  cc. 


24() 


l^'ornialiii.  Merck's  blue  label 
Animoniuni  bromide 
Water,  distilled 


Cut  frozen  sections,  15  /<  thick,  and  place  them  in  1  i)er  cent  for¬ 
malin  in  distilled  water. 

Or  2.  Fix  the  whole  brain  in  10  [ler  cent  formalin  for  1  week 
at  room  temperature.  If  possible  formalin  should  be  injected  into 
the  brain  at  the  earliest  [Possible  moment  after  death.  In  experi¬ 
mental  animals  the  injection  is  made  under  ether  anesthesia,  using 
a  pressure  of  about  2 '  !■  meters  of  water,  which  eliminates  the  neces¬ 
sity  of  washing  out  the  vessels  with  any  other  solution.  When  the 
brain  has  been  thus  injected  frozen  sections  are  cut  within  24  hours. 
The  frozen  sections  are  washed  in  distilled  water  and  bromurated 
by  Olobus'  method  in  the  following  way:  Place  sections  in  a  cov¬ 
ered  dish  containing  distilled  water  to  which  1  drop  of  strong  am¬ 
monia  water  for  every  cubic  centimeter  of  water  has  been  added. 
Leave  in  this  overnight.  Wash  sections  rapidly,  then  put  them  in 
a  10  per  cent  aqueous  hydrobromic  acid  solution  for  1  hour  at  37°  C. 

Staijiiii"  Solution. — • 

Cajal's  Gold  Chloride  Sublimate  Solution 
^lercuric  bichloride  crystals  0.5  gm. 

(iold  chloride  (Merck’s  brown),  1  per  cent 

aqueous  solution  6  cc. 

Water,  distilled  35  cc. 


Prepare  the  solution  fresh  each  time,  using  scrupulously  clean 
glassware.  Pulverize  the  mercuric  bichloride  crystals  and  add  them 
to  the  distilled  water.  Heat  gently  to  dissolve  the  crystals;  do  not 
overheat.  When  dissolved  add  the  gold  chloride  to  the  hot  solution 
and  filter.  Cajal  warned  against  using  powdered  mercuric  bichlo¬ 
ride.  The  goUl  chloride  solution  keeps  well  for  a  long  time  in  a 
brown  bottle. 

Hortega's  Carbol-Xylol-Creosote  Mixture 
Creosote  10  cc. 

Phenol  crystals,  melted  10  cc. 

Xylol  SO  cc. 

Method  of  Staining.  I.  Wash  sections  quickly  in  2  changes  of 
distilled  water. 
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2.  Place  not  more  than  6  sections  for  4  to  6  hours  in  a  flat  porce¬ 
lain  dish  with  a  porcelain  cover  containing  about  35  cc.  of  a  freshly 
prei^ared  gold  chloride  sublimate  solution  with  double  the  amount 
of  mercuric  bichloride,  given  above,  /.  e.,  mercuric  bichloride  1  gm., 
1  per  cent  gold  chloride  6  cc.,  and  distilled  water  35  cc. 

The  porcelain  dish  should  be  used  only  for  the  gold  solution  and 
the  glassware  used  in  the  preparation  of  the  solution  should  be  kept 
for  that  purpose  only. 

The  sections  are  llattened  out  on  the  bottom  of  the  dish  and 
kept  in  the  dark.  When  the  purple  color  begins  to  appear  one 
section  is  e.xamined  wet.  If  astrocytes  can  be  seen,  the  section  is 
mounted.  The  optimum  color  is  reddish  purple.  If  a  scum  begins 
to  form  in  the  solution  sections  should  be  removed;  a  little  reddish 
deposit  is  not  detrimental. 

The  gold  solution  is  kept  at  room  temperature,  a  temperature 
of  18°  to  20°  C.  being  best  for  the  human  cerebrum,  and  22°  to 
26°  C.  for  the  human  cerebellum  and  medulla.  Tissues  from  small 
animals  require  staining  for  2  to  3  hours  at  24°  to  26°  C.,  birds, 
reptiles  and  fish  at  25°  to  30°  C.  During  the  heat  of  summer  the 
results  are  apt  to  be  unsatisfactory. 

3.  Wash  in  distilled  water  5  to  10  minutes. 

4.  Fix  the  sections  5  to  10  minutes  in  a  5  per  cent  aqueous  so¬ 
dium  thiosulfate  solution. 

5.  Wash  well  in  several  changes  of  water.  Extra  sections  may 
be  preserved  in  a  1  per  cent  aqueous  solution  of  formalin  for  long 
periods. 

6.  Float  sections  from  water  onto  a  slide  and  dehydrate  in  95 
per  cent  alcohol. 

7.  Clear  in  Hortega’s  carbol-xylol-creosote  mixture.  Blot  sec¬ 
tions  as  soon  as  they  are  clear. 

8.  Mount  in  balsam. 

Results. — Astrocytes  with  their  processes  black;  background 
almost  unstained  or  light  brownish  purple;  nerve  cells  pale  red; 
nerve  fibers  unstained. 

Del  Rio-Hortega’s  Silver  Carbonate  Method  for  Astrocytes 
— Fixation. — Cut  the  tissue  into  slices  less  than  1  cm.  thick 
and  fix  them  in  Cajal’s  formalin-ammonium  bromide  (p.  249).  The 
duration  of  the  fixation  varies;  it  is  difficult  to  give  a  definite  time 
as  the  opfimvim  duration  is  not  constant.  The  fixation  time  may 
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ho  shortoiiod  by  putlinj^  the  tissue  in  an  incubator  at  37”  C.  At 
room  tomporaturo  20  to  40  days  give  best  results  for  the  proto¬ 
plasmic  astrocytes  of  tlie  gray  matter,  a  month  or  more  for  the 
librous  astrocytes.  At  37  C.  good  results  may  be  obtained  after 
lixation  tor  2  to  3  weeks. 

If  tissues  have  been  lixed  in  10  per  cent  formalin  satisfactory 
silver  stains  may  sometimes  be  obtained  if  the  formalin-fixed  tissue 
is  bromurated  by  ('.lobus’  method  (p.  217).  Sometimes  it  is  helpful 
to  place  sections  ol  lormalin-hxed  tissue  in  Cajal’s  reinforcer  solu¬ 
tion  for  4  hours  at  37°  C.  before  staining. 


Cajal’s  Reinforcer 

Formalin,  neutral 
Ammonium  bromide 
Water,  distilled 


30  cc. 
3  gm. 
70  cc. 


Cut  frozen  sections  15  to  25  /x  thick  and  place  them  in  distilled 
water  to  which  a  few  drops  of  ammonia  water  have  been  added. 
Staining  Sohition. — 


Hortega  s  SiK'er  Carbonate  Solution  for  .Astrocytes 

Silver  nitrate,  10  per  cent  aqueous  solution  5  cc. 

Lithium  carbonate,  saturated  aqueous  solution 

(about  1.33  per  cent)  20  cc 

Ammonia  water,  sufficient  amount  to  dissolve 
the  precipitate 

Water,  distilled  75 

When  the  lithium  carbonate  is  added  to  the  silver  nitrate  a  t)re- 
cipitate  of  silver  carbonate  is  formed.  The  ammonia  water  is  then 
added  drop  by  drop,  stirring  constantly,  until  the  precipitate  disap¬ 
pears  and  ammoniacal  silver  goes  into  solution.  Do  not  add  more 
ammonia  water  than  is  necessary  to  dissolve  the  precipitate  almost 
completely.  The  small  amount  of  black,  dust-like  precipitate  which 
remains  may  be  filtered  off.  The  solution  keeps  for  a  long  time. 

In  his  original  publication  del  Rio-Hortega  used  10  cc.  of  a 
10  per  cent  silver  nitrate  solution  to  which  he  added  an  equal  or 
larger  amount  of  saturated  lithium  carbonate  solution.  He  decanted 
the  liquid,  washed  the  precipitate  with  50  cc.  distilled  water,  de¬ 
canted  again  and  then  added  15  to  20  cc.  distilled  water  followed 
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by  ammonia  water  sufticienl  to  dissolve  tlie  preci]:)itate.  Distilled 
water  was  then  added  to  make  the  volume  up  to  50  cc. 

(lold  Chloride  Solution  for  Toniiif' 

(iold  chloride,  yellow  1  gm. 

Water,  distilled  500  cc. 

It  is  not  necessary  to  use  the  more  expensive  brown  gold  for 
toning;  the  yellow  gold  chloride  seems  to  serve  the  purpose  better. 

Method  oj  Staining. — 1.  Wash  sections  in  4  changes  of  distilled 
water  to  remove  all  formalin. 

2.  Place  6  to  12  sections  in  the  staining  solution  given  above  in 
a  small  glass  dish  of  about  10  cc.  capacity.  A  few  drops  of  pyridine 
are  added  to  prevent  the  formation  of  a  scum  on  the  surface.  Cover 
the  dish  with  a  watchglass,  leaving  a  bubble  of  air  beneath  it  and 
heat  gently  to  45°  to  50°  C.,  shaking  occasionally.  Stain  sections 
3  to  5  minutes  until  they  have  turned  dark  amber  in  color  and  the 
solution  is  grayish.  If  the  sections  have  not  been  washed  thoroughly 
the  solution  may  become  brownish. 

If  the  fixation  has  been  too  short  or  the  first  result  is  unsuccess¬ 
ful,  the  sections  may  be  heated  in  a  second  dish  of  the  silvei  car¬ 
bonate  solution  to  which  12  drops  of  5  per  cent  alcohol  have  been 
added.  If  desired  the  alcohol  may  be  added  to  the  first  silver 
carbonate  solution.  When  amber  in  color  the  sections  are  removed. 

It  is  best  to  carry  one  section  through  to  reduction  and  examine 
it  in  water  with  the  microscope  to  see  whether  the  impregnation  is 
complete  or  whether  a  second  heating  in  the  silver  carbonate  solu¬ 
tion  is  necessary. 

3.  Wash  sections  rapidly  in  distilled  water;  if  they  remain  in 

water  too  long  the  staining  is  pale. 

4.  Reduce  in  1  per  cent  formalin  for  30  seconds. 

5.  Wash  thoroughly  in  distilled  water. 

6.  Tone  in  1:500  aqueous  gold  chloride.  Leave  in  the  toning 
solution  a  few  minutes  until  the  sections  become  gray,  then  heat 

to  45°  to  50°  C.  until  dark  purple. 

7.  Fix  in  5  per  cent  aqueous  sodium  thiosulfate  until  tlexible. 

about  30  seconds. 

8.  Wash  in  distilled  water. 

9.  Float  sections  on  slide  and  dehydrate  in  95  per  cent  alcohol. 

10.  Clear  in  carbol-xylol-creosote  (p.  249)  and  mount  in  balsam. 
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l\rsi//ts.  Hackgroiiiul  unstainrd;  astrocytes  clearly  outlined; 
nucleus  and  i)i>,unent  .yranules  are  stained  and  th('  fibers  of  the  fibrous 
astrocytt's  can  be  seen  as  they  pass  through  the  cytoplasm  of  the 
cell;  gliosomes  are  rarely  stained. 

\\  hen  successtul  the  results  are  brilliant,  the  astrocytes  arc 
stained  completely  and  can  easily  be  photographed.  However,  the 
method  is  variable  and  less  reliable  than  C'ajal's  gold  chloride  sub¬ 
limate  method.  If  the  nervous  tissue  has  been  fixed  in  formalin  for 
a  long  time  Hortega  s  method  is  more  reliable  than  Cajal’s. 

Pathological  astrocytes  in  cases  of  hypertro|)hic  gliosis  stain  very 
well  with  silver  carbonate. 

If  the  cytojilasm  of  the  astrocyte  is  to  be  studied  the  toning 
should  be  omitted  and  the  sections  mounted  after  reduction  and 
washing  in  water.  Toning  reinforces  the  neuroglia  fibrils  and  gives 
better  preparations  for  routine  work.  If  formalin  is  used  for  fixa¬ 
tion  without  ammonium  bromide  the  neurofibrils  stain  too  deeply. 

(  b  )  Stains  for  Oligodendroglia 

Del  Rio-Hortega’s  Silver  Carbonate  Method  for  Oligoden¬ 
droglia  (1921). — Fixation. — Fix  thin  pieces  of  tissue  in  formalin- 
ammonium  bromide  ( p.  249)  12  to  48  hours.  Warm  tissue  in  fresh 
formalin-ammonium  bromide  for  10  minutes  at  45°  C.  Cut  frozen 
sections  15  to  20  /'.  thick. 

Staining  Solution. — 

Del  Rio-Hortega’s  Strong  .Ammoniacal  Silver  Carbonate  Solution 

Silver  nitrate,  10  jier  cent  aqueous  solution  5  cc. 

Sodium  carbonate,  5  per  cent  aqueous  solution  20  cc. 

•Ammonia  water,  sufficient  amount  to  dissolve 
the  precipitate 

Water,  distilled  up  to  45  cc. 

Add  the  ammonia  water  drop  by  drop  until  the  precipitate  is  iust 
di.ssolved,  shaking  vigorously.  Filter  and  place  in  a  dark  bottle. 
The  solution  keeps  well  for  long  periods  of  time. 

Method  of  Staining.— I .  Wash  sections  in  2  changes  of  distilled 
water,  the  iirst  water  should  contain  10  drops  of  ammonia  waiter. 

2.  Place  sections  in  the  strong  silver  carbonate  solution  for  1 
to  5  minutes.  Determine  by  trial. 

3.  Agitate  gently  for  15  seconds. 
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4.  Reduce  in  1  per  cent  formalin;  do  not  agitate. 

5.  Wash  well  in  water. 

6.  Tone  in  a  1 :500  gold  chloride  solution,  at  first  at  room  tem¬ 
perature  until  sections  are  gray,  then  heating  until  sections  are  dark 
jiurple. 

7.  Fix  in  5  per  cent  sodium  thiosulfate  solution  for  30  seconds. 

8.  Wash  in  water. 

9.  Float  sections  on  slide  and  dehydrate  with  95  per  cent  al¬ 
cohol. 

10.  Blot  and  clear  in  carbol-xylol-creosote  (p.  249)  and  mount 
in  balsam. 

Results. — Oligodendroglia  stain  selectively;  astrocytes  may 
stain  faintly;  the  microglia  may  stain  well. 

Penfield’s  Combined  Oligodendroglia  and  Microglia  Method 
(  1928). — Fixation. — Fix  for  an  indefinite  period  in  10  per  cent 
formalin  or  in  formalin-ammonium  bromide  (p.  249).  About  1  week- 
in  formalin-ammonium  bromide  gives  good  results.  Cut  frozen  sec¬ 
tions  20  jt.  thick  and  place  them  in  1  per  cent  formalin  in  distilled 
water. 

Staining  Solution. — 

Del  Rio-Hortega’s  Weak  Ammoniacal  Silver  Carbonate  Solution 

Silver  nitrate,  10  per  cent  solution  5  cc. 

Sodium  carbonate,  5  per  cent  solution  20  cc. 

Ammonia  water,  sufficient  amount  to  dissolve 
the  precipitate 

Distilled  water  up  to  75  cc. 

The  ammonia  water  is  added  drop  by  drop  shaking  vigorously 
until  the  precipitate  is  just  dissolved.  Filter  and  keep  in  a  dark 
bottle. 

Method  oj  Staining. —  1.  Place  sections  in  a  dish  of  distilled 
water  to  which  10  to  15  drops  of  strong  ammonia  water  have  been 
added;  cover  and  leave  overnight  to  remove  the  formalin. 

2.  Transfer  sections  directly  to  Globus’  5  per  cent  aqueous 
solution  of  hydrobromic  acid  in  the  incubator  at  37°  C.  for  1  hour. 

3.  Wash  in  3  changes  of  distilled  water. 

4.  Mordant  sections  in  5  per  cent  aqueous  solution  of  sodium 
carbonate  for  1  hour.  They  may  remain  in  the  mordant  5  to  6 
hours  without  ill  effects. 
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5.  I niprc'finatc  sections  witli  or  without  washing  in  Ifortega’s 
weak  silver  carbonate  solution.  Leave  in  stain  3  to  5  minutes,  or 
until  the\  tuin  a  unilorin  gray  color  when  transferred  to  the  reducer. 
Control  by  taking  out  a  section  at  intervals  of  I  to  2  minutes  and 
examining  with  the  microscope.  At  times  good  results  are  obtained 
by  leax  ing  the  sections  in  the  silver  solutions  until  they  turn  a  light 
brown. 

6.  Reduce  in  1  per  cent  arpieous  formalin  and  agitate. 

7.  \\  ash  in  distilled  water. 

8.  lone  in  yellow  gold  chloride  (1:500)  at  room  temperature 
until  sections  are  a  uniform  bluish  gray. 

o.  Fix  in  5  per  cent  sodium  thiosulfate  30  seconds. 

10.  Wash  thoroughly  in  distilled  water. 

11.  bloat  sections  on  slide  and  flatten  out  with  needle. 

12.  Wash  with  2  to  4  changes  of  95  per  cent  alcohol  from  drop 
bottle. 

13.  Clear  in  carbol-xylol-creosote  (p.  249),  drain,  blot  and 
mount  in  balsam. 

Rcsn/fs.~By  this  method  both  microglia  and  oligodendroglia 
may  be  stained  with  fairly  constant  results.  The  morphological 
differences  of  the  two  types  of  cells  make  it  quite  easy  to  distinguish 
them.  This  differentiation  is  even  easier  when  either  type  of  cell 
has  undergone  some  pathological  change.  There  may  be  at  times 
faint  staining  of  astrocytes,  particularly  if  the  sections  are  left  too 
long  in  silver. 

d.  Microglia  Stains 

Most  of  the  early  intensive  work  on  the  nervous  system  was 
done  with  silver  stains  and  a  certain  type  of  cell  found  in  addition 
to  the  astrocytes  and  the  oligodendroglia  was  regarded  as  a  third 
form  of  neuroglia  cell  and  was  named  microglia.  This  has  led  to 
much  confusion  because  more  recent  work  has  proved  that  these 
cells  are  of  mesodermal  origin  and  that  they  occur  in  other  tissues 
and  organs  of  the  body.  They  are  well  stained  by  Peniield's  second 
modification  of  del  Rio-Hortega’s  silver  carbonate  method  for  oligo¬ 
dendroglia— Peniield’s  combined  oligodendroglia  and  microglia 
methofl  (p.  254). 

Del  Rio-Hortega’s  Silver  Carbonate  Method  for  Microgflia 

'  Fix  pieces  of  tissue,  3  mm.  thick,  in  formalin- 

ammonium  bromide  ([>.  249  )  2  to  3  days  at  room  temperature.  Re- 
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move  to  fresh  formalin-animonium  bromide  in  a  covered  glass  dish 
and  heat  to  50  C\  for  10  minutes.  Cut  frozen  sections  20  to  25  /<■ 
thick  and  place  them  in  distilled  water. 

Method  of  Staiu'nig. —  1.  Wash  sections  in  3  changes  of  distilled 
water,  adding  4  to  5  drops  of  ammonia  water  to  the  second  dish  to 
remove  the  formalin. 

2.  Place  4  to  5  sections  in  Hortega’s  weak  silver  carbonate  solu¬ 
tion  (p.  254)  for  20  seconds  to  2  minutes. 

3.  Reduce  in  1  per  cent  formalin.  Remove  one  section  after 
20  seconds  from  the  silver  carbonate  solution.  Agitate  section  in 
formalin  by  blowing  on  the  surface  of  the  solution.  After  45 
seconds  remove  a  second  section  and  after  2  minutes  a  third.  If 
sections  are  brownish  they  have  been  in  silver  too  long  and  astro¬ 
cytes  are  stained  as  well  as  microglia.  Control  with  microscope. 
Microglia  cells  are  small,  spider-like  in  shape;  if  neuroglia  cells  stain, 
they  are  larger  and  tan  in  color.  Reduce  for  1  minute. 

4.  Wash  in  distilled  water. 

5.  Tone  in  1:500  gold  chloride  until  sections  are  gray  or  slightly 
purple,  10  to  15  minutes  at  room  temperature. 

6.  Fix  in  5  per  cent  sodium  thiosulfate  1  minute. 

7.  Wash  in  water. 

8.  If  desired  the  sections  may  be  counterstained  with  van 
Gieson’s  picro-acid  fuchsin  (p.  92). 

9.  Float  sections  on  slide,  dry  with  hlter  paper. 

10.  Clear  in  carbol-xylol-creosote  (p.  249). 

11.  Mount  in  balsam. 

Results. — If  successful  the  microglia  are  deeply  impregnated; 
the  neuroglia  cells  and  fibers  are  slightly  stained. 


e  Stains  for  Connective  Tissue  and  Blood  Vessels  of  the  Nervous 

System 

The  stroma  of  the  nervous  system  consists  of  blood  vessels  and 
connective  tissue  as  in  other  organs.  Under  normal  conditions  it  is 
only  moderate  in  amount  but  as  the  result  of  inflammatory  condi¬ 
tions  of  various  sorts  it  may  be  greatly  increased  either  focally  or 

diffusely. 

The  stroma  is  well  brought  out  by  the  phloxine-methylene  blue 
stain  after  Zenker  fixation  as  are  also  the  exudative  cells  present  in 
inllammatory  jirocesses  of  all  kinds.  Special  methods  are  van 
Gieson’s  picro-fuchsin  and  Mallory’s  aniline  blue  stain  for  collagen 
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whitii  color  the  colla.i^cii  more  or  less  intensely.  Klastie  lis.Mie  stains 
are  rarely  important. 

I'or  the  demonstration  ol  the  plasma  cell  exudate  in  paresis  two 
r-pccial  methods  are  valuable.  'I'he  hrst  is  the  toluidine  blue  method 
lor  stainimt  the  Xissl  Ixxlies.  The  other  is  the  Unna-Pa|)penheim 
liy I onine-methyl  tureen  stain,  both  of  these  are  more  succ(\s.sful 
alter  tixation  in  95  per  cent  alcohol.  The  pvronine-methyl  green 
stain  is  less  dependable  than  the  toluidine  blue  but  gives  ;i  contrast 
dillei ent iation  as  the  cyto[dasm  ol  the  plasmtt  cell  is  sttiined  red 
and  its  nucleus  green. 

i\la>son  s  tiichiome  method  ( |c  156)  gives  an  excellent  picture 
of  the  connective  tissue  of  the  nervous  system;  it  brings  out  fibrin 
and  blood  \essel  walls  especially  well.  It  may  be  used  on  material 
fi.xed  in  any  of  the  usual  fixing  fiuids,  even  on  sections  chromatized 
foi  Weigeits  method,  so  that  alternating  sections  of  tissue  stained 
by'  Masson  s  and  \\  eigert’s  methods  can  be  made. 

For  the  study  of  the  brain  capillaries  an  excellent  method  is  that 
devised  by  Lepehne  (1919)  and  applied  to  the  cerebral  vascular 
pattern  by  Pickworth  (  1934— 35).  The  method  is  an  application  of 
the  peroxidase  reaction  to  thick  frozen  sections  of  brain  tissue. 

I  ickworth  s  original  method  is  very  difficult  and  complicated,  and 
therefore  a  simplified  method  devised  by  Dr.  A.  C.  P.  Campbe/l  and 
Dr.  L.  Alexander  is  given. 

Lepehne-Pickworth  Method  for  the  Study  of  Brain  Capil¬ 
laries,  -/'/.vaf/o;/. — Fix  in  10  per  cent  formalin  for  1  to  3  weeks. 
Cut  frozen  sections  200  to  300  /t  thick. 

S tain ing  S olutions. — 

Solution  A. — Dissolve  0.1  gm.  of  benzidine  in  0.5  cc.  of  glacial 
acetic  acid.  Add  20  cc.  of  distilled  water.  Then  dissolve  0.1  gm.  of 
sodium  nitroprus.side  in  10  cc.  of  distilled  water  and  add  it  to  the 
benzidine  solution.  Add  water  up  to  100  cc.  If  a  precipitate  forms, 

filter.  This  .solution  must  be  made  up  fresh  for  use  as  it  does  not 
keep. 

Solution  B.  Arl.d  2  to  3  drops  of  a  30  per  cent  hydrogen 
peioxido  sohition  to  100  c('.  ol  distilled  water. 

Method  of  Stainini^.  1.  Wash  sections  in  di..tilled  water  for  ' 
hour. 

2.  Put  .sections  in  .Solution  \  for  X  hour  at  37  (\.  shaking  fre- 

(juently.  ^ 
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3.  Wash  in  distilled  water  for  10  seconds. 

4.  Place  in  Solution  B  for  ! 3.  hour  at  .17°  C.,  shaking?  frequently. 

5.  Wash  in  distilled  water. 

6.  Dehydrate  in  70  and  95  per  cent  alcohol,  followed  by  absolute. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Results. — The  blood  vessels  stand  out  black  against  a  light,  al¬ 
most  colorless  background. 

(2)  EYE 

The  pathologist  is  concerned  chiefly  with  the  lesions  of  the  eye, 
not  with  its  normal  histology.  Therefore,  the  routine  fixatives  and 
staining  methods  recommended  are  the  most  important.  Ideal  sec¬ 
tions  through  the  entire  bulb  count  for  much  less  than  perfect  fixa¬ 
tion  of  the  part  where  the  lesion  is  present. 

Fixation. — The  simplest  method  is  to  cut  into  the  bulb  trans¬ 
versely  in  the  middle  with  a  sharp  razor  blade  or  scalpel  to  a  slight 
depth  only,  and  then  with  scissors  and  forceps  to  cut  the  bulb  into 
halves.  This  can  be  done  without  disturbing  the  retina.  The  two 
pieces  of  tissue  can  then  be  fixed  in  Zenker’s  or  any  other  fluid 
desired.  Practically  the  same  procedure  is  followed  in  removing 
the  posterior  half  of  an  eye  at  autopsy.  For  preservation  of  the 
entire  bulb  Verhoeff  (  1926)  recommends  fixation  for  48  hours  or 
longer  in  the  following  fluid: 

Formalin 

.Alcohol,  95  per  cent  48  cc. 

Picric  acid  ^ 

Water,  distilled  cc. 

Transfer  directly  to  70  per  cent  alcohol.  Embed  in  celloidin 
after  cutting  in  slices. 

Staining.— The  phloxine-methylene  blue  method  discloses  well 
the  nature  of  lesions,  whether  inflammatory  or  a  newgrowth.  while 
phosphotungstic  acid  hematoxylin  is  of  value  for  bringing  out 
sharply  the  neuroglia  fibrils  in  the  retina  and  optic  nerve,  especially 
when  sclerosis  is  present.  It  also  stains  fibroglia  fibrils  and  fibim 
in  any  acute  inflammatory  reaction. 

(3)  EAR 

Lesions  of  the  internal  ear  of  interest  to  the  pathologist  aie 
chiefly  inflammatory  in  nature.  Cultures  and  coverslip  prepara¬ 
tions 'may  disclose  the  infectious  agent.  Tissue  must  be  tixed.  de- 


SPECIAL  ORC.AXS 


250 

calcitu'd  and  stained  in  llie  same  manner  as  lesions  of  (he  bone  from 
other  parts  ol  the  body.  I  he  |H“trous  bone  enclosing  the  middle  ear 
is  exceedinuly  dense  and  requires  thorou^li  decalcifieation.  On  this 
account  it  is  olten  advisable  to  cut  it  into  thin  paralh'l  slices  with  a 
line  jewelers  saw  before  or  alter  fixation. 

11.  Skin  and  Appendages 

L  ndei  this  heading  are  included  the  epidermis  and  its  support¬ 
ing  connective  tissue,  the  corium,  and  in  atldition  various  epithelial 
iippendages,  nameh’  the  coil,  mammar}'  and  sebaceous  glands,  the 
hairs  and  the  nails. 

Fixation.— The  routine  fixatives,  Zenker’s  lluid,  10  per  cent  for¬ 
malin  and  alcohol,  are  sufticient  for  most  purposes. 

Embedding.  It  is  often  dilticult  to  cut  good  paraffin  sections  of 
the  skin  because  dehydration  in  alcohol  is  apt  to  harden  the  tissue. 
Therefore,  the  length  of  time  in  alcohol  should  be  cut  to  a  minimum. 
Celloidin  embedding  is  on  this  account  often  advisable.  For  par- 
aftin  embedding  oil  of  cedarwood  should  be  used  as  a  clearing  reagent. 

Staining.  I  hloxine-methylene  blue  and  alum  hematoxylin  fol- 
lo\red  by  phloxine  or  van  Gieson’s  stain  are  used  for  general 
purposes  and  bring  out  clearly  a  variety  of  structures.  Phospho- 
tungstic  acid  hematoxylin  will  stain  sharply  the  epithelial  prickles 
and  librils  in  the  epidermis,  and  the  fibrils  in  the  outer  layer  of 
epithelium  lining  the  coil  and  mammary  glands.  It  also  stains  the 
myoglia  fibrils  in  the  smooth  muscle  cells  and  the  fibroglia  fibrils  in 
the  stroma.  Collagen  is  stained  by  the  aniline  blue  methods,  and 
elastic  fibeis  by  the  special  methods  devdsed  for  them.  Other  stains 
and  reactions  often  of  value  are  those  for  fat  in  the  sebaceous  glands, 
for  pigments,  especially  melanin,  in  the  epidermis  and  hairs,  and 
for  certain  retrograde  products  in  the  epidermis  (eleidin,  kerato- 
hyalin  and  cornification). 

The  structures  and  retrograde  products  that  require  special 
demonstration  in  the  different  parts  of  the  skin  and  in  the  tumors 
arising  from  them  are  the  following; 

Epidermis.— Xuclei,  cytoplasm,  prickles  and  epithelial  fibrils, 
eleidin,  keratohyalin  and  cornification.  The  epidermis  is  thickest 
over  the  palms  of  the  hands  and  the  soles  of  the  feet. 

Keratohyalin  is  stained  fairly  deeply  by  alum  hemato.xylin.  A 
more  intense  color  can  be  obtained  by  overstaining  and  then  de- 
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colorizing  for  a  few  seconds  in  a  very  dilute  solution,  0.05  per  cent, 
of  potassium  permanganate. 

Eleidin  must  be  fixed  in  formalin  or  in  Orth’s  or  Bouin’s  fluids. 
For  staining  it  Unna  recommends  the  picro-nigrosin  method  as 
follows: 

Method  for  Staining  Eleidin  (  Buzzi,  1889). — Fixation. — Fix 
in  10  per  cent  formalin.  Cut  frozen  sections. 

Method  of  Staining. — 1.  Stain  sections  with  a  saturated  aqueous 
solution  of  picric  acid  (about  1.22  per  cent)  for  5  minutes. 

2.  Rinse  in  distilled  water. 

3.  Stain  in  a  1  per  cent  aqueous  solution  of  nigrosin  for  1 
minute. 

4.  Rinse  in  water  followed  by  95  per  cent  alcohol. 

5.  Clear  in  terpineol  or  oil  of  origanum  and  mount  in  balsam. 

Results. — Eleidin  blue-black;  horny  material  bright  yellow. 

Coil  or  Sweat  Glands. — Epithelial  fibrils  in  the  outer  layer  of 

the  lining  epithelial  cells. 

Mammary  Glands. — Structurally  the  same  as  the  coil  glands 
but  much  more  developed.  Fat  stains  are  sometimes  of  value. 

Sebaceous  Glands. — Fat  is  usually  present  in  the  cells. 

Hairs. — Epithelial  cells  of  the  matrix  produce  great  numbers 
of  epithelial  fibrils  to  which  they  owe  their  strength,  also  the  pig¬ 
ment  melanin  from  which  their  color  is  derived.  The  cells  of  the 
carcinomas  arising  from  them  are  characterized  by  the  production 
of  numerous  epithelial  fibrils. 

Nails. — Composed  chietly  of  the  greatly  thickened  stratum  luci- 
dum  with  its  excessive  production  of  eleidin. 

Corium. — Vascularized  connective  tissue  supporting  and  nour¬ 
ishing  the  various  epithelial  structures.  Contains  numerous  elastic 
fibrils,  clumps  of  smooth  muscle  cells  and  fat  cells  and  frequently 
pigmented  cells  (nerve  fibers,  tactile  corpuscles  and  so  on).  Very 
rarely  it  produces  amyloid. 

In  the  skin  there  exists  one  pigment,  melanin.  For  the  demon¬ 
stration  of  its  origin  and  manutacture  Bloch's  dojia  reaction  is  of 
importance.  This  reaction  is  an  oxidation  ol  3,4-dioxyphenylalanine 
within  pigment-forming  cells  by  an  oxidase. 

Laidlaw’s  Modification  of  Bloch’s  Dopa  Reaction  i  032  ). 
Fixation.  C.se  fri'sh  tissue  or  tissue  fixed  only  2  to  3  hours  in  5 
per  cent  formalin.  Cut  frozen  sections.  Rinse  in  distilled  water 
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li)r  5  seconds;  do  not  allow  the  sections  to  remain  in  water  more 
than  a  lew  seconds  as  it  weakcms  the  reaction. 

A’ t a ini)i>^  Soli/fion. — 

Slock  Dopa  Solution.  Dissolve  O.A  f;;m.  3,4-dioxy|)henyl- 
alanine  ( levorotatory  )  in  AGO  ec.  distilled  waiter.  K(‘e|)  it  in  a  tightly 
stojipered  bottle  in  a  refrigiaator  where  it  will  remain  good  for  many 
weeks.  The  solution  is  usable  as  long  as  it  remains  colorless  or 
becomes  but  slightly  reddish. 


Buffer  Solutions 


A 


Disodium  acid  phosphate  (  Xa^HPO.i  .2H-0)  11  gm. 

Water,  distilled  1000  cc. 

B 

Monopotassium  acid  phosphate  (KHi-POi)  0  gm. 

Water,  distilled  1000  cc. 


Keep  tightly  stoppered  in  the  refrigerator.  For  use  add  2  cc. 
of  Solution  B  and  6  cc.  of  Solution  A  to  25  cc.  of  the  stock  dopa 
solution.  At  a  given  temperature,  the  speed  of  the  reaction  depends 
upon  the  pH.  At  7.4  the  reaction  will  be  complete  at  37.5°  C.  in 
4  or  5  hours.  The  reaction  may  be  hastened  by  using  1  cc.  of  Solu¬ 
tion  B,  giving  a  pH  of  7.7;  or  Solution  B  may  be  entirely  omitted, 
giving  a  pH  of  8.2.  Such  solutions  react  in  about  60  minutes  at 
37.5  r.  These  hurried  reactions  tend  to  be  overstained,  and  the 
slow  ones  give  more  delicate  pictures.  A  trace  of  alkali  hastens  the 
reaction;  a  trace  of  acid  inhibits  it.  All  glassware,  therefore,  must 
be  clean. 

Method  of  Stainitig. —  1.  The  sections  in  the  buffered  dopa  solu¬ 
tion  are  placed  in  the  incubator  at  37.5°  C.  for  about  30  minutes. 

2.  Change  the  solution,  adding  fresh  which  has  been  kept  cold 
in  the  refrigerator. 

3.  Inspect  the  reaction  every  30  minutes  with  the  microscope. 
In  2  or  3  hours  the  solution  turns  reddish,  in  3  or  4  hours  sepia 
brown.  The  appearance  of  the  sepia  tint  means  the  completion  of 
the  reaction. 

4.  Wash  in  water. 

5.  Dehydrate  in  95  per  cent  alcohol. 

6.  Clear  in  oil  of  origanum  and  mount  in  balsam,  or 
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7.  If  a  counterstain  is  desired,  bring  the  sections  back  to  water 
and  stain.  For  this,  Laidlaw  recommends  0.5  per  cent  aqueous  solu¬ 
tion  of  cresyl  violet,  well  differentiated  with  alcohol.  We  have  found 
a  1  per  cent  aqueous  solution  of  safranine  also  satisfactory. 

Results. — The  cyto[)lasm  of  the  dopa-positive  cells  (melano- 
blasts  and  leukocytes)  is  gray  or  black.  Melanin  retains  its  natural 
yellow-brown  color  and  collagen  is  colorless  or  light  gray. 

For  stains  for  bacteria  and  fungi  in  hairs  and  scales  of  the  ep¬ 
idermis  see  Chapters  XIV  and  XV. 

12,  Endocrine  System 

Under  this  heading  are  grouped  a  number  of  organs,  some  of 
which  have  to  be  considered  elsewhere  also.  The  usual  fixatives 
and  staining  methods  recommended  for  obtaining  a  good  insight 
into  the  pathological  changes  present  are  as  necessary  here  as  with 
other  organs  and  tissues  of  the  body.  In  addition,  certain  special 
methods  are  valuable  for  some  of  the  tissues  and  they  will  be  dis¬ 
cussed  briefly. 

(1)  THYROID  GLAND 

The  colloid  secretion  is  brittle  after  fixation  in  Zenker’s  fluid 
and  embedding  in  paraffin  so  that  it  cracks  in  parallel  lines.  It  is 
much  better  preserved  by  fixation  in  formalin  or  Orth’s  fluid  and 
embedding  in  celloidin.  It  is  acidophilic  but  so  far  no  specific  stain 
for  it  has  been  discovered.  Fine  acidophilic  granules  and  occasion¬ 
ally  coarser  ones  are  present  in  the  epithelial  cells  of  the  follicles  and 
are  believed  to  precede  the  formation  of  colloid.  Special  staining 
methods  are  needed  for  iron  pigments  frequently  present  following 
hemorrhage.  Calcification  is  common  and  amyloid  occurs  rarely  but 
may  be  extensive. 

(2)  PARATHYROID  GLANDS 

These  are  epithelial  organs,  usually  four  in  number,  of  ento- 
dermal  origin.  They  are  composed  of  masses  and  strands  of  polyg¬ 
onal  cells  of  four  major  types:  (1)  normal,  chief  or  principal  cell 
with  deeply  staining  nucleus  and  faintly  acidophilic  cytoplasm — 
the  only  cell  present  until  puberty:  (2)  water-clear  cell;  (3)  pale 
oxyphil  cell  with  finely  granular  cytoplasm;  and  (4)  dark  oxyphil 
cell.  Fat  cells  are  often  present  in  the  stroma. 

Fixation. — Zenker’s,  Belly’s  and  Bonin’s  fluids  and  10  per  cent 
formalin  or  alcohol  are  all  recommended. 
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.S/r/;///;".- -The  usual  routine'  stains  are  advised.  The  oxyphil 
itranules  are  brought  out  more  or  less  sharply  by  phloxinc,  eosin  and 
acid  fuchsin.  Special  lixatives  recommended  for  the  granules  are 
Regaud  s.  C'hampy's  and  .Mtmann’s.  One  special  slain  is  of  much 
imiiortance  pathologically,  namely  Best’s  carmine  stain  for  glyco¬ 
gen  after  alcohol  lixation.  (ilycogen  is  usually  present,  often  in 
large  amounts. 

(3)  THYMUS 

1  he  two  points  of  greatest  interest  are  Hassall’s  corpuscles,  be¬ 
cause  they  are  peculiar  to  the  organ,  and  the  marked  phagocytosis 
of  the  lymphoid  cells  often  jn-esent  in  infectious  diseases,  especially 
in  diphtheria.  I  he  j'»hagocytes  are  brought  out  particularly  sharply 
by  phosphotungstic  acid  hematoxylin  after  fixation  in  Zenker’s  fluid. 

(4)  PINEAL  BODY 

The  pineal  body  arises  by  differentiation  of  cells  from  the 
ependyma.  It  contains  numerous  neuroglia  fibrils;  also,  even  in 
the  fiist  decade,  concretions  composed  of  calcium  and  magnesium 
phosphate  and  carbonate. 

fixation. —  The  routine  fixatives  serve  all  purposes.  Zenker's 
fluid  is  especially  important  on  account  of  the  neuroglia  fibrils 
present.  Decalcification  is  often  necessary  because  of  the  concre¬ 
tions  present,  but  Zenker's  fluid  usually  decalcifies  the  small  ones. 

Staining. — Of  the  routine  stains  phosphotungstic  acid  hemat¬ 
oxylin  is  especially  valuable  because  it  colors  the  neuroglia  fibrils  an 
intense  blue,  provided  the  tissue  was  fresh  when  put  into  Zenker's 
fluid.  Collagen  and  elastic  fibrils  are  stained  by  the  usual  methods, 
tor  special  investigation  of  the  histology  of  the  pineal  body,  del 
Rio-Hortega  recommends  two  methods:  the  gold-sublimate  method 
of  Cajal  for  astrocytes,  and  the  following  modification  of  his  own 
silver  carbonate  method  for  neuroglia  cells  and  fibrils. 

Dei  Rio-Hortega’s  Modification  of  the  Silver  Carbonate 
Method  for  the  Pineal  Body  (  1923).— Formalin,  10 
per  cent,  at  least  for  2  days.  Cut  frozen  sections. 

Staifiing  Soljftian.  To  5  cc.  of  a  10  per  cent  a(|ueous  silver 
nitiate  solution  add  20  cc.  of  a  5  per  cent  acjueous  solution  of  sodium 
carbonate.  Add  carefully  ammonia  water  drop  by  drop  until  the 
.slightly  yellow  precipitate  is  just  dissolved.  .Add  \S  cc.  of  distilled 
water. 
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Method  of  —  1.  Wash  sections  carefully  with  distilled 

water  several  times. 

2.  Place  in  a  2  per  cent  aqueous  silver  nitrate  solution,  to  10 
cc.  of  which  3  drops  of  [lyridine  have  been  added.  Heat  to  50°  C. 
for  5  to  10  minutes,  then  let  stand  for  several  hours  in  the  oven  at 
37°  C.,  or  leave  the  sections  in  the  solution  at  room  temperature 
for  24  hours.  The  sections  should  be  dark  brown  in  color. 

3.  Wash  in  distilled  water,  to  10  cc.  of  which  2  drops  of  pyridine 
have  been  added. 

4.  Impregnate  in  the  silver  carbonate  solution  given  above,  to 
10  cc.  of  which  3  drops  of  pyridine  have  been  added,  heating  the 
sections  to  50°  C.  until  they  are  sepia  brown. 

5.  Wash  in  distilled  water. 

6.  Reduce  in  10  per  cent  formalin. 

7.  Tone  in  a  0.2  per  cent  gold  chloride  solution,  heating  slightly 
until  the  sections  are  violet  in  color. 

8.  Fix  in  5  per  cent  sodium  thiosulfate  for  30  seconds. 

9.  Wash  in  water  thoroughly. 

10.  Mount  on  slide,  dry  with  filter  paper  and  dehydrate  with 
95  per  cent  alcohol. 

11.  Clear  in  carbol-xylol-creosote  (p.  249). 

12.  Drain  and  mount  in  balsam. 

Residts. — Neuroglia  cells  with  their  fibers  are  impregnated,  as 
are  also  the  parenchyma  cells  and  connective  tissue. 

(5j  PITUITARY  GLAND 

The  organ  consists  of  three  parts — an  anterior  and  a  posterior 
lobe  with  a  thin  pars  intermedia  between.  The  anterior  lobe  is  the 
largest,  is  of  ectodermal  origin,  and  contains  cells  of  three  different 
types — chromophobic,  basophilic  and  acidophilic.  The  posterior 
lobe  consists  mostly  of  neuroglia  tissue.  The  pars  intermedia  is 
composed  of  groups  of  epithelial  cells  and  of  follicles  containing  a 
colloid  secretion. 

Fixation. — Zenker’s  fiuid,  formalin  and  alcohol  will  serve  every 
purpose,  but  others  may  be  used  if  desired. 

Staining. — For  general  purposes  the  routine  stains  of  phloxine- 
methylene  blue,  Mallory’s  aniline  blue,  and  phosphotungstic  acid 
hematoxylin  are  recommended  after  Zenker  fixation. 

The  following  points  will  be  found  helpful.  Methylene  blue 
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stains  the  nuclei  and  in  addition  the  iKMiiofiiscin  ji;ranul(‘s  so  often 
present  in  tlie  posterior  lobe.  I’ldoxiiu'  stains  the  acidophilic 
granules  in  the  antcaior  lobe  a  deep  red.  .After  lixation  in  neiitrtd 
tornialin,  alum  hematoxylin  stains  the  basophilic  f^ranules  a  deep 
blue  and  the  acido|diilic  granules  may  be  brought  out  ;it  the  same 
time  by  counterstainin^  with  phloxine.  Another  excellent  color  con¬ 
trast  of  the  f^ranules  is  obtained  by  using  Mallory’s  aniline  blue  stain 
after  formalin  fixation:  the  acidophilic  granules  stain  deep  red  and 
the  basophilic  blue.  Fhosphotungstic  acid  hematoxylin  stains  the 
basophilic  granules  intense  blue  after  Zenker  fixation. 

Pigments  olten  present,  most  abundantly  in  all  cases  of  hemo¬ 
chromatosis,  are  best  demonstrated  by  means  of  the  ferrocyanide 
stain  for  hemosiderin,  preferably  after  alcohol  fixation,  followed  by 
Mallory’s  hemofuscin  stain.  The  hemofuscin  is  colored  bright  red 
and  the  iron  blue  when  these  pigments  are  present  in  the  posterior 
lobe.  The  neuroglia  fibrils  of  the  posterior  lobe  are  stained  blue  by 
phosphotungstic  acid  hematoxylin  alter  Zenker  fixation,  but  only 
if  the  tissue  is  obtained  very  fresh,  within  1  hour  postmortem  if 
possible. 

MacCallum’s  Modification  of  Cowdry’s  Copper  Hematox¬ 
ylin  Stain  for  the  Pituitary  Gland  (  1935).— According  to  Mac- 
Callum,  Cowdry’s  copper  hematoxylin  stain  for  mitochondria, 
slightly  modified  and  used  on  tissue  fixed  in  Helly’s  fluid,  is  a  more 
or  less  specific  method  of  differentiating  the  cells  of  the  pars  inter¬ 
media  from  the  basophilic  cells  of  the  anterior  lobe  of  the  pituitary 
gland. 

Fixation. — Fix  in  Helly’s  fluid  and  embed  in  paraffin. 

Method  of  Staining. — 1.  Remove  the  paraffin,  treat  with  iodine 
and  sodium  thiosulfate  and  wash  in  water. 

2.  Place  sections  in  a  saturated  aqueous  solution  of  normal 
copper  acetate  (about  12.5  per  cent)  for  5  minutes. 

3.  Wash  in  several  changes  of  distilled  water. 

4.  Stain  for  1  minute  in  a  weak  hematoxylin  solution  made  by 
adding  2  cc.  of  a  well  ripened  10  jier  cent  hematoxylin  solution  in 
absolute  alcohol  to  50  cc.  of  distilled  water. 

5.  Wash  in  distilled  water. 

6.  Immerse  in  a  3  per  cent  aqueous  solution  of  potassium 
bichromate  for  1  minute. 

7  Wash  in  distilled  water. 
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8.  Differentiate,  controlling  with  the  microscope,  in  Weigert’s 
borax-ferricyanide  mixture  until  the  color  is  deep  grayish  yellow. 


llorax 

Potassium  ferricyanide 
Water,  distilled 


2  gm. 
2.5  gm. 
100  cc. 


9.  Wash  several  hours  in  tap  water. 

10.  Dehydrate  in  95  per  cent  followed  by  absolute  alcohol. 

11.  Clear  in  xylol  and  mount  in  balsam. 

Results. — ^Basophilic  granules  in  the  cells  of  the  anterior  lobe 
of  the  pituitary  gland  black;  granules  in  the  cells  of  the  pars  inter¬ 
media  unstained. 


(6)  ADRENAL  GLANDS 


The  cortex  and  the  medulla  of  the  adrenal  glands  originate 
separately;  the  cortical  cells  from  the  celomic  epithelium  (meso¬ 
derm),  the  medulla  from  the  sympathetic  nervous  system  (ecto¬ 
derm). 

The  cortical  epithelial  cells  form  three  layers.  The  cells  of  the 
inmost,  zona  reticularis,  contain  brownish  pigment;  those  of  the 
middle,  zona  fasciculata,  often  have  fat  droplets,  the  majority  of 
which  are  doubly  refractive;  those  of  the  outer,  zona  glomerulosa, 
show  nothing  characteristic. 

The  medulla  is  composed  of  polymorphous  cells  with  delicate 
cytoplasm  containing  granules  and  droplets  which  can  be  fixed  and 
colored  brown  by  chrome  salts.  These  cells  belong  to  the  chromaffin 
system.  The  medulla  also  contains  typical  ganglion  cells  of  the 
sympathetic  nervous  system. 

Fixation. — For  general  purposes  the  routine  fixatives  are  ad¬ 
visable.  Thin,  transverse  slices  should  be  cut  through  the  middle 
of  the  organ  so  as  to  include  the  medulla,  and  the  tissue  should  be 
handled  very  gently  because  of  its  fragility,  especially  if  at  all  post¬ 
mortem.  The  browning  of  the  chromaffin  cells  is  due  to  reduction 
of  potassium  bichromate  or  of  chromic  acid  to  chrome  dioxide. 

Staining. — The  cells  of  the  cortex  are  well  demonstrated  by  the 
routine  stains.  Fat,  of  course,  must  be  colored  by  scarlet  red  or  by 
osmic  acid.  The  cells  that  require  special  treatment  in  order  to 
demonstrate  them  are  the  chromaffin  cells  of  the  medulla.  Not 
all  fixatives  containing  chrome  salts  are  suitable,  as  for  example 
Flemming’s  and  Zenker’s.  The  two  solutions  recommended  are 
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C  haniin’ s  and  Orth's.  'I'he  browning  is  best  sct'n  in  frozen  sec¬ 
tions  mounted,  unstained  or  colored  with  cannalum,  in  glycerin. 
I  hey  may  also  be  blackened  by  the  silver  method  devised  by  d'. 
and  A.  Ogata  (p.  2()8).  I  he  lead  chloride  hematoxylin  slain  (p. 
22())  shows  that  the  granules  in  the  chromafl'in  cells  must  take  up 
lead  because  they  are  colored  blue  by  the  hematoxylin  solution. 
1  his  allords  a  simple  way  for  obtaining  a  permanent  stain. 

(7)  CHROMAFFIN  SYSTEM 

ruder  this  heading  are  included  the  medulla  of  the  adrenal 
glands,  the  paraganglia  and  the  carotid  glands.  Thev  are  charac- 
teiized  by  containing  cells  that  possess  the  property  of  reducing 
chrome  salts. 

Fixati(W.~  The  tissue  must  be  as  fresh  as  possible.  The  action 
of  alcohol,  corrosive  sublimate  and  acetic  acid  is  unfavorable; 
therefore,  fixatives  containing  them  should  be  avoided.  Champy’s 
and  ()i  th  s  fluids  aie  excellent.  iVIuller’s  fluid  is  also  recommended. 

Stainini^. — Three  different  types  of  staining  may  be  employed: 

(  1 )  a  simple  nuclear  stain  such  as  carmalum,  which  allows  the  cyto¬ 
plasm  of  the  chromaffin  cells  (fixed  in  a  suitable  chrome  salt  solu¬ 
tion)  to  show  its  brown  coloring;  (2)  a  toluidine  blue  stain,  which 
turns  the  chromaffin  cells  green;  and  (3)  a  silver  stain,  which 
blackens  the  chromaffin  substance. 

Wiesel’s  Method  for  Chromaffin  Cells  (1902). _ Fixation,-^ 

fix  for  1  to  4  days  in  the  following  solution: 

Potassium  bichromate,  5  per  cent  10  cc. 

Formalin.  10  per  cent  20  cc. 

Water,  distilled  20  cc 

Transfer  to  5  per  cent  potassium  bichromate  for  another  1  to  2 
days.  Wash  in  running  water  24  hours  and  embed  in  paraffin. 

Method  of  Staining. — 1.  Stain  sections  for  20  minutes  in  a  1  per 
cent  aqueous  toluidine  blue  solution. 

2.  \\  ash  in  tap  water  5  minutes. 

3.  Stain  tor  20  minutes  in  a  1  per  cent  aqueous  solution  of 
safraninc. 

4.  Differentiate  in  95  per  cent  alcohol  until  the  sections  a[)pear 
blue  again. 

5.  Clear  in  carbol-.xylol,  followed  by  .xylol  and  mount  in  balsam. 
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Results. — Nuclei  red;  cytoplasm  ol  the  chromaffin  cells  green; 
cytoplasm  of  all  other  cells  blue. 

Schmorl’s  Method  for  Chromaffin  Cells  (1914). — Fixation. — 
Fix  in  10  per  cent  formalin  or  Orth’s  Iluicl.  Cut  frozen  or  paraffin 
sections. 

Method  of  Staining. —  1.  Stain  sections  for  24  hours  in  a  dilute 
Ciiemsa  solution  (  10  drops  of  stain  |p.  183]  to  10  cc.  distilled  water). 

2.  Rinse  in  distilled  water. 

3.  Differentiate  quickly  in  a  0.25  per  cent  aqueous  solution  of 
acetic  acid. 

4.  Dehydrate  rapidly  in  95  per  cent  and  absolute  alcohol. 

5.  Clear  in  xylol  and  mount  in  balsam  or  preferably  in  oil  of 
cedarwood. 

Results. — Nuclei  deep  blue;  cytoplasm  of  chromaffin  cells  green. 

Silver  Method  of  T.  and  A.  Ogata  for  Chromaffin  Cells 
( 1922-23). — Method  of  Staining. — 1.  Place  thin  slices  of  fresh  un¬ 
fixed  tissue  for  2  hours  in  a  1  per  cent  solution  of  ammonia  water 
in  the  dark. 

2.  Place  tissue  in  Bielschowsky’s  ammoniacal  silver  solution 
(p.  222 )  diluted  to  5  per  cent  for  3  to  5  hours  in  the  dark. 

3.  Place  in  1  per  cent  solution  of  ammonia  water  renewed  several 

times  for  30  minutes  in  the  dark. 

4.  Fix  in  a  3  per  cent  aqueous  solution  of  sodium  thiosulfate 

for  1  hour  in  the  dark. 

5.  Wash  in  water  for  1  hour. 

6.  Fix  in  10  per  cent  formalin. 

7.  Cut  frozen  sections. 

8.  Place  sections  on  slide,  treat  with  95  per  cent  alcohol,  blot 
and  clear  with  xylol.  Repeat  the  blotting  process  at  least  twice  and 
then  mount  in  balsam. 

Results. — In  the  chromaffin  cells  numerous  black  granules  are 
present. 

(8)  GLOMUS  COCCYGEUM 

For  the  glomus  coccygeum  the  aniline  blue  stain  after  iixation 
in  Zenker’s  lluid  is  useful  for  showing  the  reticulum  surrounding 
the  individual  cells. 
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BACTERIAL  STAINS 

Bactkria  art'  demonstrated  in  sections  of  tissues  almost  en¬ 
tirely  by  means  of  aniline  dyes,  of  which  three  thus  far  have  proved 
to  be  [particularly  valuable,  namely,  methylene  blue,  basic  fuchsin, 
and  crystal  violet.  One  or  more  solutions  of  each  of  these  dyes  have 
become  famous  because  of  their  efficacy  in  staining  and  their  good 
keeping  qualities.  They  will  be  referred  to  later. 

-Ml  bacteria  yet  known  will  stain  when  placed  in  appropriate 
staining  solutions.  Some,  however,  are  stained  quickly,  while  others 
are  stained  with  difficulty;  some  give  up  the  stain  readily  to  de- 
colorizers,  while  others  retain  it  tenaciouslv.  In  consequence  of 
their  reactions  to  certain  dyes  and  to  certain  decolorlzers,  bacteria, 
from  the  point  of  view  of  staining,  may  be  divided  into  three  groups: 
(1)  bacteria  that  stain  by  Gram’s  method  (Gram-positive);  (2) 
bacteria  that  do  not  stain  by  Gram's  method  (Gram-negative);  and 
( 3 )  bacteria  that  stain  by  the  acid-fast  or  tubercle  bacillus  method. 

The  most  important  pathogenic  bacteria,  listed  according  to  their 
reaction  to  Gram's  stain,  are  the  following: 

Gram-Positive  Bacteria 

Streptococci 

Pneumococci  ( Dipincoccus  pneumoniae  ) 

Staphylococci 
Micrococci 
Bacillus  subtilis 
Bacillus  anthracis 

Bacillus  tetani  (Clostridium  tetani) 

Bacillus  welchii  (Clostridium  welrhii) 

Bacillus  botulinus  (Clostridium  hotidinum) 

Bacillus  diphtheriae  (Corynebacterium  di plitheriae) 

Bacillus  tuberculosis  ( Myeobacterium  tubereulosis) 
and  other  acid-fast  bacteria 
Many  actinomycetes 

260 


270 


I’ATHOLOGICAI,  TECIINqQUE 


( Iram -Nec.ative  Bacteria 

Meningococcus  ( Ncissrria  intraccllularh) 

Micrococcus  catarrhalis  (Neisseria  catarrhalis) 

Gonococcus  (Neisseria  gonorrhoeae) 

Bacterium  coli  (Escherichia  coli) 

Bacterium  aerogenes  (Aerobacter  acrogenes) 

Proteus 

Bacillus  typhosus  (Eberthclla  typhosa) 

Paratyphoid  bacilli  (Salmonella  paratyphi) 

Dysentery  bacilli  (Shigella  dyscnteriac) 

Friedliinder’s  bacillus  (Klebsiella  pneumoniae) 

Bacillus  pyocyaneus  (Psendomonas  aeruginosa) 

Bacillus  influenzae  (Ilemophilns  influenzae) 

Koch-Weeks  bacillus  (Hemophilus  conjunctivitidis) 
Morax-Axenfeld  bacillus  (Hemophilus  lacunatus) 

Ducrey’s  bacillus  (Hemophilus  ducreyi) 

Bacillus  mallei  (Actinobacillus  mallei) 

Bacillus  pestis  (Pastcurclla  pestis) 

Brucella  group  (infectious  abortion  and  undulant  fever) 
Bacterium  tularense  (Pasteurella  tularensis) 

Vibrio  cholerae  (Vibrio  comma) 

It  has  been  customary  in  the  past  to  fix  all  tissues  in  which  bac¬ 
teria  were  to  be  demonstrated  in  alcohol.  In  recent  years  formalin 
has  been  used  for  the  same  purpose.  Fixation  in  Zenker  s  fluid 
is  superior  to  either  because  of  its  perfect  preservation,  not  only  of 
all  bacteria  but  also  of  the  tissues,  so  that  by  means  of  proper  stain¬ 
ing  both  the  pathogenic  organism  and  the  lesion  it  produces  can 
be  perfectly  and  faithfully  demonstrated. 

Sections  to  be  stained  for  bacteria  may  be  divided  into  two 
classes — paraffin  and  celloidin.  Paraffin  sections  should,  as  a  rule, 
be  attached  to  the  slide  by  means  of  Mayer’s  albumin-glycerin  mix¬ 
ture.  Celloidin  embedding  is  to  some  extent  a  drawback  to  stains 
for  certain  organisms  because  the  celloidin  tends  to  hold  the  color 
so  that  the  bacteria  are  not  so  distinct  as  they  otherwise  would  be. 
Still,  it  is  sometimes  necessary  to  stain  celloidin  sections  for  bacteria. 
It  will  usually  be  found  advisable  to  attach  the  sections  to  the  slide 
by  means  of  ether  vapor.  They  will  then  keep  perfectly  flat  in  any 
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Staining  solution,  and  may  be  heated  without  danger  of  wrinkling 
or  shrinking. 

1.  GENERAL  METHODS 

Of  the  general  stains,  the  most  useful  for  demonstrating  bacteria 
in  sections  are  phloxine-methylene  blue  and  Giemsa's. 

The  Phloxine-Methylene  Blue  Stain.— Directions  for  this 
stain  are  given  on  jxige  86.  It  is  used  after  fixation  in  Zenker’s 
lluid  and  is  especially  useful,  not  only  as  a  stain  for  bacteria,  but 
also  for  the  faithful  demonstration  of  the  histological  changes 
present  in  the  tissues. 

Wolbach’s  Modification  of  Giemsa’s  Stain  for  Bacteria  in 
Paraffin  Sections. — For  sections  this  modiheation  gives  better  re¬ 
sults  than  the  original  Giemsa  stain.  Directions  for  this  method  are 
given  under  bone  marrow  (p.  195  ). 

Methyl  Green-Pyronine  Stain  (The  Unna-Pappenheim 
Method,  as  Modified  by  Saathof  for  Bacteria  [1905]). _ Fixa- 


tiou. — Absolute  alcohol  or  Carnoy’s  fluid. 

Embed  in 

paraffin  or 

celloidin. 

Staining  Solution. — 

i\Iethyl  green 

0.15 

gm. 

Pyronine 

0.5 

gm. 

•Alcohol,  95  per  cent 

5 

cc. 

Glycerin 

20 

cc. 

Carbolic  acid  water,  2  per  cent 

75 

cc. 

Method  oj  Staining.~\.  Stain  sections  in  the  methyl  green- 
pyronine  stain  for  2  to  4  minutes. 

2.  Wash  in  distilled  water. 

3.  Dehydrate  quickly  in  absolute  alcohol.  If  acetone  is  used  in¬ 
stead  of  absolute  alcohol  for  dehydration  there  is  less  danger  of 
decolorizing  the  cytoplasm  of  the  cells. 

4.  Clear  in  xylol  and  mount  in  balsam. 

Celloidm  sections  are  cleared  in  terpineol  or  in  oil  of  origanum 
and  mounted  in  balsam. 

Chromatin  green;  bacteria  bright  red;  all  other  struc¬ 
tures  varying  shades  of  red. 

2.  SPECIFIC  METHODS 

Gram’s  Stain  for  Bacteria  in  Smears  Fixation.— 

Dry  thin,  evenly  si)read  smears  in  the  air  and  fix  by  passing  thromdi 
a  flame. 
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Statn'nifr  Solutions. — 


Stirling's  Crystal  V'iolet  Solution  tp.  90) 


Iodine  Solution 


Iodine 

Potassium  iodide 
Water,  distilled 


100  cc. 


1  gm. 

2  gm. 


Method  of  Staining. — 1.  Apply  the  crystal  violet  solution  to  the 
smear  for  20  seconds. 

2.  Wash  thoroughly  in  tap  water. 

3.  Treat  with  the  iodine  solution  for  20  seconds. 

4.  Wash  in  tap  water. 

5.  Decolorize  with  95  per  cent  alcohol  until  no  more  color 
comes  off. 

6.  Wash  in  tap  water. 

7.  Counterstain  with  0.1  per  cent  aqueous  solution  of  basic 
fuchsin,  or  with  a  1  per  cent  aqueous  solution  of  safranine  or 
pyronine  for  20  seconds. 

8.  Wash  in  tap  water  and  dry. 

Results. — Gram-positive  bacteria  deep  violet;  Gram-negative 
bacteria  take  the  color  of  the  counterstain. 

The  Gram-Weigert  Method  of  Staining  Bacteria  in  Sec¬ 
tions  (1887). — Fixation. — Preferably  Zenker’s  fluid.  Embed  in 
paraffin  or  celloidin. 

Method  of  Staining. — 1.  Stain  sections  lightly  in  alum  hemat¬ 
oxylin  (  p.  70). 

2.  Wash  in  several  changes  of  tap  water. 

3.  Place  in  a  2.5  per  cent  aqueous  solution  of  phloxine  or  eosin 
for  5  to  15  minutes  in  the  paraffin  oven. 

4.  Wash  in  water. 

5.  Stain  in  aniline  crystal  violet  (Ehrlich’s  or  Stirling’s  formula 
with  crystal  instead  of  gentian  violet)  for  ]/>  to  1  hour. 

6.  Wash  in  water. 

7.  Treat  with  Gram’s  iodine  solution  (p.  82)  1  to  2  minutes. 

8.  Wash  in  water. 

9.  Blot  with  filter  pai^er  and  decolorize  and  clear  in  several 
changes  of  aniline.  Aniline  and  xylol  in  equal  parts  may  be  used 
instead  of  aniline  for  decolorizing  organisms  that  stain  delicately. 

10.  Rinse  in  xylol  and  mount  in  balsam. 
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('clloidin  sections  arc  best  stained  by  attaching  to  the  slide  with 
ether  vapor  belore  Stej)  1,  or  by  blotting  on  tlie  slide  alter  staining 
with  |)liloxine  (  Ste|i  a). 

It  is  advisable  to  shorten  the  staining  time'  for  ci'lloidin  sections. 
Renun’e  aniline  by  rinsing  in  xylol  or  in  oil  of  origanum  or  terpineol 
before  mounting  in  balsam. 

Rt'sulfs. — (b'am-j^ositive  organisms  deej)  \'iolet;  nuclei  blue  to 
violet;  connective  tissue  red;  (iram-negative  bacteria  unstained. 

Glynn’s  Modification  of  the  Gram  Stain  for  Paraffin  Sec¬ 
tions  (  1935).—  Fixation. — Zenker’s  Iluid  (jweferably  without  acetic 
acid),  Helly's  or  Bonin’s  solutions,  or  10  per  cent  formalin.  Embed 
in  paratiin. 

.S7 Solution. — 

Earbol  Crystal  Violet 

Crystal  violet 

Phenol  crystals 

Triturate  in  a  mortar  and  add: 

Alcohol,  absolute  10  cc. 

Dilute  this  stock  solution  10  times  with  distilled  water;  allow  to 
stand  for  48  hours  and  filter  before  using. 

Method  of  Staining. —  1.  Treat  paraffin  sections  in  the  usual  way 
up  to  water. 

2.  Stain  in  the  carbol  crystal  violet  solution  for  2  minutes. 

3.  Drain  but  do  not  wash. 

4.  Apply  Cram’s  iodine  solution  ( p.  82)  for  1  minute. 

5.  Place  in  acetone  until  no  more  color  is  removed,  10  to  15 
seconds. 

6.  Wash  in  water. 

7.  Apply  0.05  per  cent  basic  fuchsin  in  N''500  hydrochloric 
acid  ( pW  2-3 )  for  3  minutes. 

8.  Drain  but  do  not  wash. 

9.  Apply  a  saturated  aqueous  solution  of  trinitrophenol  (about 
1  per  cent)  for  30  seconds  to  1  minute. 

10.  Wash  in  water. 

11.  Differentiate  and  rlehydrate  in  acetone  for  10  to  15  seconds. 

12.  Clear  in  xylol  and  mount  in  balsam. 

Results,  (iram-positive  bacteria  deep  \dolet;  Cram-negative 
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bacteria  deep  red;  nuclei  lighter  red;  cytoplasm  faint  yellow. 
Nuclei  of  nerve  cells  show  differentiation  of  nucleoli  and  Nissl 
bodies;  axones  unstained;  myelin  sheaths  violet.  Edema  fluid, 
librin  and  fibers  of  connective  tissue  pale  pink.  Erythrocytes  yel¬ 
low.  Diphtheria  bacilli  show  barred  and  granular  forms.  Human 
tubercle  bacilli  are  less  deeply  stained  than  other  Gram-positive 
organisms  and  show  distinct  beading.  The  clubs  of  actinomycetes 
are  red. 

MacCallum’s  Modification  of  Goodpasture’s  Method  for 
Gram-Positive  and  Gram-Negative  Bacteria  (1919). — Fixation. 
— Zenker’s  or  Helly’s  solution.  Embed  in  paraffin  and  cut  thin 
sections. 

Staining  Solutions. — 


Goodpasture’s  Stain 

Basic  fuchsin 
Aniline 

Phenol  crystals 
Alcohol,  30  per  cent 


0.59  gm. 
1  cc. 

1  gm. 
100  cc. 


Stirling’s  Crystal  Violet  Stain  (p.  90) 

Method  of  Staining. — 1.  Stain  sections  for  10  to  30  minutes  in 
Goodpasture’s  stain. 

2.  Wash  in  water. 

3.  Differentiate  in  strong  formalin  for  a  few  seconds,  until  the 
bright  red  color  changes  to  a  clear  rose. 

4.  Wash  in  water. 

5.  Counterstain  in  a  saturated  aqueous  picric  acid  solution 
(about  1.22  per  cent)  3  to  5  minutes  or  less,  until  section  assumes 
a  purplish  yellow  color. 

6.  Wash  in  water. 

7.  Differentiate  in  95  per  cent  alcohol.  This  causes  the  red 
color  to  reappear;  some  of  it  is  washed  out  together  with  some  of 
the  yellow  color. 

8.  Wash  in  water. 

9.  Stain  for  5  minutes  in  Stirling’s  crystal  violet  solution. 

10.  Wash  in  water. 

11.  Immerse  in  Gram’s  iodine  solution  (p.  82)  for  1  minute. 

12.  Blot  dry  without  washing  in  water. 
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15.  I  real  with  ofiual  parts  of  aniline  and  xylol  until  no  more 
color  comes  away. 

14.  Ivinse  with  2  chansjies  ol  xylol  and  mount  in  balsam. 

/w\w///.s-.-  ('.ram-positive  or^umisms  blue;  ('iram-nef^ative  or¬ 
ganisms  retl;  all  other  tissue  elements  various  shades  of  red  to 
purple. 

W.  H.  Smith’s  Method  for  Staining'  Bacterial  Capsules  in 
Sections.  Fixotion. — Zenker’s  Iluid.  Embed  in  paraffin. 

Sfainiii"  Solution. — Shake  1  part  of  aniline  green  in  200  parts  of 
ii  5  to  6  pel  cent  acjueous  solution  of  yellowish  water-soluble  eosin. 
-Mlow  the  solution  to  stand  for  1  to  2  hours  before  filtering  to  remove 
the  precipitate. 

Method  ol  Staining. —  1.  Cover  sections  with  Ehrlich’s  or  Stir¬ 
lings  aniline  ciystal  violet  solution  (pp.  89,  90)  for  a  few  seconds 
and  warm  by  drawing  the  slide  through  a  flame  2  or  3  times. 

2.  Wash  in  Gram’s  iodine  solution  (p.  82). 

3.  Wash  with  formalin. 

4.  Decolorize  with  95  per  cent  alcohol. 

5.  ash  quickly  with  (3ram’s  iodine  solution. 

6.  Co\ei  with  the  aniline  green-eosin  mixture,  warming  in  a 
flame  for  a  few  seconds. 

7.  Wash  in  distilled  water. 

8.  Dehydrate  with  95  per  cent  followed  by  absolute  alcohol. 

9.  Clear  in  xylol  and  mount  in  balsam. 

lo  obtain  the  best  results  the  duration  of  the  application  of  the 
various  reagents  must  be  varied  with  each  preparation,  and  in  some 
instances,  where  a  deep  stain  is  desired,  the  stronger  solution  of 
iodine  ( p.  82  )  may  give  better  results. 

Decolorization  by  alcohol  may  have  to  be  supplemented  by 
rinsing  with  ether  or  with  aniline-xylol,  as  the  Gram  stain  may  be 
so  intense  as  to  mask  the  red  staining  capsules. 

kcsjdts.  Bacterial  capsules  red;  Gram-positive  bacteria  blue. 

Stain  for  Acid-Fast  Bacilli  in  Smears. — Fixation. _ Dry 

smears  in  the  aii  and  lix  by  passing  through  a  flame. 

Method  oj  Staining. —  1.  Apply  Ziehl-Neelsen’s  (p.  88)  or  Ver- 

hoeff’s  (p.  88)  carbol  fuchsin  stain  for  3  to  5  minutes,  steamin-^ 
gently. 

2.  Wash  in  tap  water. 
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3.  Decolorize  in  acid  alcohol  (  70  per  cent  alcohol  containing  1 
per  cent  hydrochloric  acid)  for  10  seconds. 

4.  Finish  decolorizing  in  95  per  cent  alcohol  until  no  more  color 
comes  off,  usually  about  20  seconds  longer. 

5.  Wash  in  water. 

6.  Counterstain  with  a  saturated  aqueous  solution  of  methylene 
blue  or  with  Loefiler’s  methylene  blue  (p.  84  )  for  10  seconds. 

7.  Wash  in  tap  water. 

8.  Dry  and  examine. 

Results. — Acid-fast  bacteria  red;  non-acid-fast  bacteria  blue. 

Stain  for  Tubercle  Bacilli  in  Sections. — Fixation. — Alcohol, 
10  per  cent  formalin,  corrosive  sublimate,  Zenker’s  or  Flemming’s 
solution.  Embed  in  paraffin  or  celloidin. 

Staining  Solutions. — Verhoeff’s  carbol  fuchsin  (p.  88),  or  Ziehl- 
Xeelsen’s  carbol  fuchsin  (p.  88). 

Method  oj  Staining. — 1.  Stain  sections  lightly  in  alum  hemat¬ 
oxylin  ( p.  70). 

2.  If  overstained,  sharpen  nuclear  detail  with  acid  alcohol  (1  per 
cent  hydrochloric  acid  in  70  per  cent  alcohol)  and  wash  thoroughly 
in  water. 

3.  Stain  either  with  Verhoeff’s  carbol  fuchsin  or  with  Ziehl- 
Xeelsen’s  carbol  fuchsin  solution  by  steaming  the  sections  for  5 
minutes,  or  by  leaving  them  in  the  paraffin  oven  for  1  hour  or  at 
room  temperature  overnight. 

4.  Decolorize  in  the  acid  alcohol  for  20  seconds. 

5.  Wash  thoroughly,  to  remove  the  acid,  in  water  to  which  2  to  3 
drops  of  ammonia  water  have  been  added. 

6.  Differentiate  in  95  per  cent  and  dehydrate  in  absolute  alcohol. 

7.  Clear  in  xylol  and  mount  in  balsam. 

If  celloidin  sections  are  used  differentiate  in  95  per  cent  alcohol, 
clear  in  terpineol  or  in  oil  of  origanum,  blot  on  the  slide  and  mount 
in  balsam. 

Results.- — Tubercle  bacilli  brilliant  red;  nuclei  blue. 

Flexner’s  Method  for  Staining  Leprosy  Bacilli. — The  lep¬ 
rosy  bacillus  is  more  difficult  to  stain  than  the  tubercle  bacillus  be¬ 
cause  it  does  not  retain  the  carbol  fuchsin  dye  so  well. 

Fixation. — Alcohol,  10  per  cent  formalin,  Zenker’s  lluid.  Paraf¬ 
fin  sections  arc  preferable. 
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Method  oi  Sfaiiiiirj;.  1.  Slain  in  alnni  hematoxylin  (p.  70)  to 
itet  a  shaip  nuclear  slain. 

2.  Wash  in  water. 

а.  Stain  in  one  of  the  carbol  luchsin  solutions  mentioned  above 
lor  2  to  5  minutes  by  steaming,  or  for  30  to  60  minutes  at  room 
temperature. 

4.  Wash  in  water. 

5.  Treat  with  ('iram's  iodine  solution  (  p.  82)  for  Yj  to  1  minute. 

б.  Wash  in  water. 

7.  Blot  section,  and  decolorize  in  aniline. 

S.  Rinse  in  xylol  and  mount  in  balsam. 

Rcsidfs. — Leprosy  bacilli  red;  nuclei  blue. 
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MISCELLANEOUS  INFECTIOUS  AGENTS 
1.  ACTINOMYCETES 

Actinomycetes  are  regarded  as  occupying  a  position  inter¬ 
mediate  between  bacteria  and  molds.  These  organisms  grow  as 
branching  threads  or  mycelia  which  are  Gram-positive.  In  animal 
tissues  these  mycelia  are  often  surrounded  by  dense  hyaline  sheaths, 
the  so-called  “clubs.” 

(1)  Actinomycosis 

Caused  by  Actinomyces  hominis.  In  specimens  of  pus  from  sub¬ 
acute  and  chronic  lesions  the  organisms  appear  as  gray  or  yellowish 
granules,  known  as  “sulfur  granules.”  The  organism  is  best  demon¬ 
strated  by  examining  unstained  the  granules,  gently  crushed  beneath 
a  coverslip.  They  are  seen  to  be  made  up  of  a  central,  tangled  mass 
of  filaments  from  which  radiate  delicate  threads  that  may  terminate 
in  typical  club-shaped  bodies.  A  Gram  stain  on  a  crushed  granule 
shows  isolated  and  matted  Gram-positive  filaments,  many  of  which 
are  branched. 

In  staining  the  actinomyces  it  is  important  to  stain  not  only  the 
filaments  and  other  forms  of  the  organism,  but  also  the  hyaline 
sheaths  that  surround  the  ends  of  the  filaments.  Phloxine  followed 
by  methylene  blue  sometimes  gives  excellent  results.  Satisfactory 
preparations  may  also  be  obtained  by  staining  with  alum  hemat¬ 
oxylin  followed  by  a  strong  solution  of  phloxine  or  eosin,  then  plac¬ 
ing  the  sections  for  5  to  30  seconds  in  acid  alcohol  and  washing 
thoroughly  in  water  before  dehydrating  in  alcohol. 

It  is  believed  that  the  two  following  methods  will  give  better 
results  than  can  be  obtained  by  any  of  the  other  methods  published 
for  this  purpose.  The  first  is,  perhaps,  the  better  and  surer,  although 
the  clubs  are  sometimes  stained  more  intensely  by  the  second 
method.  Both  methods  can  be  used  on  either  paraffin  or  celloidin 
sections.  Method  1  is  described  below  for  paraffin.  Method  2  for 
celloidin  sections. 
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Mallory’s  Stains  for  the  Actinomyces  ( 1895).— Method  1.— 
Hxatioii. — AIcoliol  or  10  [')cr  cent  formalin  is  preferable  to  Zenker’s 
llnid  as  a  lixa(i\e  for  (he  study  of  this  microorganism,  but  not  for 
study  ot  the  lesions  it  produces. 

Method  oj  Staining. —  1.  Stain  paraffin  sections  in  alum  hemat¬ 
oxylin  ([).  70)  for  3  to  5  minules. 

2.  Wash  in  water. 

0.  Stain  in  a  2.5  per  cent  aqueous  solution  of  phloxine,  or  a  5 
per  cent  aqueous  solution  of  eosin,  for  15  minutes  in  the  paraffin  oven. 

4.  Wash  in  water. 

5.  Stain  in  Stirling's  or  Ehrlich’s  aniline  crystal  violet  solution 
(pp.  90,  89)  for  5  to  15  minutes. 

6.  Wash  in  water. 

7.  Treat  with  Gram’s  iodine  solution  (p.  82)  for  1  minute. 

8.  Wash  in  water  and  blot  with  filler  paper. 

9.  Dilterentiate  in  several  changes  of  aniline  until  no  more 
color  comes  off. 

10.  Rinse  in  several  changes  of  xylol  and  mount  in  balsam. 

Branched  organisms  blue;  hyaline  sheaths  (“clubs”) 

pink  to  red. 

Method  2.— Fixation. — The  same  as  in  Method  1. 

Method  oj  Staining. —  1.  Stain  celloidin  sections  lightly  in  alum 
hematoxylin  ( p.  70)  3  to  5  minutes. 

2.  W'ash  in  waiter. 

3.  Place  sections  in  95  per  cent  alcohol  and  attach  to  the  slide 
with  ether  vapor. 

4.  Stain  in  Stirling’s  or  Ehrlich’s  aniline  crystal  violet  solution 
(pp.  90,  89)  for  5  to  10  minutes. 

5.  Wash  in  water  and  blot  with  filter  paper. 

6.  Place  in  aniline  saturated  with  basic  fuchsin  for  1  to  3 
minutes. 

7.  Wash  out  the  fuchsin  wi'th  pure  aniline  until  the  clubs  are 
sharply  diffeientiated,  wMtehing  tlie  jjrocess  under  the  low  power  of 
the  microsco[)e. 

8.  Rinse  in  several  changes  of  .xylol  and  mount  in  balsam. 

Fesidt.';. — Branched  organisms  blue;  hyaline  sheaths  (“clubs”) 

I)mk  to  red.  In  sections  containing  young  colonies  it  is  possible  by 
these  methods  to  demonstrate  the  ends  of  the  threads  stained  blue, 
surrounded  by  the  hyxdine  cell  membrane  stained  pink. 
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(2)  Mycetoma  (Madura  Foot) 

The  macluroniycoses  are  characterized  by  the  presence  in  pus 
or  in  the  tissues  of  granules  of  various  colors — white,  black  and  red. 
The  pale  or  white  granules  are  usually  due  to  infection  with  Ac- 
tiuomyccs  madurac,  although  certain  other  varieties  have  been 
described  in  connection  with  these  granules.  The  black  granules 
are  due  to  a  variety  of  organisms,  the  best  known  one  being  Madii- 
rcUa  myadomi.  The  red  granules  are  associated  with  infection  with 
A  ctinomyccs  pellet icri. 

The  methods  for  examining  these  organisms  in  pus  and  tissues 
are  the  same  as  those  employed  for  Actinomyces  hominis. 

2.  YEASTS  AND  MOLDS  (ASCOMYCETES  AND  HYPHOMYCETES) 

These  are  unicellular  or  multicellular  organisms  usually  larger 
than  bacteria.  They  multiply  by  cell  fission,  budding,  and  by  the 
formation  of  asexual  and  sexual  spores.  The  exact  classification  of 
the  various  members  of  these  groups  is  still  unsettled  in  many  in¬ 
stances.  The  terminology  employed  below,  while  in  some  cases 
botanically  incorrect,  is  that  generally  used  in  medical  mycology. 
In  general,  the  organisms  are  all  Gram-positive  and  hence  are  well 
brought  out  by  the  Gram-Weigert  stain.  Stained  with  phloxine- 
methylene  blue  or  Giemsa’s  stain  the  organisms  appear  blue. 

The  important  diseases  and  the  causative  organisms  are  given 
below: 

(1)  Blastomycosis 

An  infection  of  the  skin  or  internal  organs  due  to  Blastomyces 
hominis.  In  sections  the  organisms  appear  as  round  and  budding 
forms  surrounded  by  a  dense  capsule.  This  capsule  stains  red  with 
the  phloxine-methylene  blue  stain.  The  capsules  are  especially  well 
brought  out  by  INIallory’s  aniline  blue  collagen  stain,  which  stains 
them  an  intense  blue  while  the  microorganisms  themselves  stain 

yellow.  ^2,  Torulosis 

The  infecting  agent  is  known  as  Tonda  histolytica.  This  or¬ 
ganism  produces  lesions  in  the  lungs  and  central  nervous  system. 
In  sections  it  appears  as  a  round  or  ovoid,  often  budding  form,  sur¬ 
rounded  by  a  heavy  capsule  which  stains  similar  to  that  of  the 

blastomyces.  3,  moniliasis 

The  main  types  of  this  disease  are  the  following: 

Thrush. — Caused  by  Mo)iiHa  albicans.  Thrush  is  a  disease  of 
the  oral  cavitv  and  pharyn.x,  characterized  by  the  formation  of  a 
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nuMiibrane.  In  sections  the  orfj;anisins  ai)[)ear  as  simple  and 
branclied  mycelia. 

Cutaneous  Moniliasis.  As  its  name  implies,  an  infection  of 
the  skin  dne  to  Monilia  al/)i<  ai!s. 

Pulmonary  Moniliasis.  Moniliae,  while  probably  secoiifiary 
iinaders.  in  the  majority  ol  instances,  nevertheless  apparently  play 
a  role  in  producing  some  diseases  of  the  lung. 

(4)  Dermatomycoses 

I  hese  are  diseases  of  the  skin  due  to  members  of  the  hypho- 
mycetes  group.  1  he  eliagnosis  of  these  diseases  is  usually  made  by 
placing  scrapings  from  the  lesion  on  a  slide  in  a  drop  of  20  per  cent 
sodium  or  potassium  hydroxide,  covering  with  a  coverslip  and  ex¬ 
amining  unstained.  The  hydroxide  is  used  to  dissolve  or  clear  the 
tissue  elements,  thus  rendering  the  microorganisms  more  easily 
visible.  I  hese  appear  as  branched,  segmented  mycelia  or  spores, 
or  as  both.  The  diiferential  diagnosis  is  based  on  the  tvpe  of 
mycelia,  the  number  and  size  of  the  spores,  and  also  on  the  location 
of  the  spores  with  respect  to  the  hairs.  The  commonest  diseases 
belonging  to  this  group  are  the  following: 

Favus,  Commonly  a  disease  of  the  scalp  but  may  involve  the 
skin  and  nails.  The  organism  causing  this  disease  is  known  as 
.1  chorion  schocnleinii . 

Ring-worm  or  Tinea. — A  disease  usually  of  the  scalp  but  may 
occur  elsewhere.  The  causative  organisms  are  Microsporon  and 
Trichophyton.  A  considerable  number  of  species  of  each  are  recog¬ 
nized  and  cultural  study  is  necessary  for  their  final  classification. 

Eczema  Marginatum.— A  skin  disease  of  the  groin  due  to 
Rpidermo phyton  inguinale. 

Interdigital  Ringworm  (Athlete’s  Foot). — A  dermatomy- 
cosis  of  the  hands  and  feet  due  apparently  to  various  fungi.  Among 
them  may  be  mentionerl  Trichophyton,  Epidermophyton  and 
Monilia. 

3.  RICKETTSIAE 

I  he  Rickettsiae  arc*  minute  bacillary  organisms  varying  in  size 
from  filaments  approaching  bacilli  in  dimensions  to  coccoid  forms 
which  are  just  visible.  The  exact  nature  of  this  group  of  organisms 
is  as  yet  undetermined.  In  tissues  they  always  occur  in  an  intra¬ 
cellular  position.  They  are  Gram-negative  and  stain  poorly  or  not 
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at  all  with  the  usual  bacterial  stain.  Wolbach’s  modification  of 
(iiemsa's  stain  ( p.  195  )  and  the  stain  given  below,  used  on  tissues 
lixed  in  Regaud’s  Iluid,  are  to  be  recommended.  So  stained,  the 
Rickettsiae  are  red  to  reddish  purple.  With  this  same  stain  on 
Zenker-fixed  tissue,  they  appear  blue. 

Stain  for  Rickettsiae  and  Rickettsia-like  Organisms  in 
Tissues. — This  method  is  recommended  by  Dr.  S.  B.  Wolbach  and 
Dr.  Henry  Pinkerton. 

The  combination  of  fixation  in  Regaud’s  fluid  and  staining  by 
the  Giemsa  method  is  invaluable  for  the  demonstration  in  tissues, 
not  only  of  Rickettsiae*  but  also  of  Bartonella  bacilli jormis  and  Bac¬ 
terium  tularcnsc.  The  peculiar  virtue  of  the  method  lies  in  the 
sharpness  with  which  it  differentiates  minute  Gram-negative  intra¬ 
cellular  organisms  from  the  cytoplasm  in  which  they  lie. 

Fixation. — Fix  thin  pieces  of  tissue  in  Regaud’s  fluid,  made  up 
as  follows,  for  24  to  48  hours,  renewing  the  fixative  every  12  hours. 

Potassium  dichromate  25  gm. 

Sodium  sulfate  10  gm. 

Water,  distilled  1000  cc. 

Before  using  add  20  cc.  of  strong  (40  per  cent)  formalin  to 
each  100  cc.  of  the  above  solution. 

After  washing  tissues  for  24  hours  in  running  water,  pass  through 
graded  percentages  of  alcohol,  clear  in  oil  of  cedarwood  and  embed 
in  paraffin.  Cut  sections  as  thin  as  possible. 

This  method  has  been  successfully  used  for  Rickettsiae  in  tissues 
previously  fixed  for  several  months  in  formalin  and  thoroughly- 
washed  before  refixing  in  Regaud’s  fluid. 

Staining  Solution. — Dissolve  3  gm.  of  azure  IT  eosin  and  1  gm. 
of  azure  II  as  completely  as  possible  in  250  cc.  of  acetone-free  abso¬ 
lute  methyl  alcohol  at  60°  C.  .-Vdd  250  cc.  of  glycerin  (C.P.)  heated 
to  60°  C.,  and  allow  the  solution  to  stand  overnight  in  a  desiccator 
in  a  loosely  stoppered  bottle.  Transfer  to  small  bottles  and  keep 
tightly  sealed  when  not  in  use. 

Method  of  Staining. — 1.  After  passing  sections  through  xylol 
and  descending  percentages  of  alcohol  in  the  usual  way,  place  in 
distilled  water  for  5  minutes,  .Ml  distilled  water  should  be  made 
neutral  in  reaction,  k'reshly  boiled  distilled  water  usually  requires 
no  further  treatment. 
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1.  I'laa'  in  (he  followin^^  dilulion  of  (iiemsa’s  slain  for  1  lionr. 

Ciioinsa's  stain  2.5  cc 

Alcohol,  absolute  methyl,  acetone-free  2.5  cc. 

Sodium  carbonate,  0.5  per  cent  a(|ueous  solu- 

5  drops 

Water,  distilled  100  cc. 

I  our  off  the  solution  and  replace  with  a  fresh  solution  identical 
with  the  first,  but  diluted  with  an  equal  volume  of  distilled  waiter. 
Leave  overnight  in  this  dilute  solution. 

3.  Rinse  quickly  in  distilled  water  and  place  in  a  second  change 
of  distilled  w’ater  until  the  sections  take  on  a  pink  color,  usually 
10  to  15  minutes. 

4.  Differentiate  in  95  per  cent  alcohol  to  which  a  few  drops  of 
colophony  have  been  added. 

5.  Dehydrate  in  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  neutral  oil  of  cedarwood. 

Results. — In  a  well  differentiated  section  the  Rickettsiae  or 

other  organisms  should  be  stained  an  intense  reddish  purple,  unlike 
any  other  color  in  the  section,  so  that  cells  containing  them  can  be 
located  under  low  pow'er.  Nuclei  stain  blue  or  dark  purple,  cyto¬ 
plasm  pale  to  deep  blue,  and  collagen  and  muscle  fibers  light  pink. 
Erythrocytes  are  at  a  transitional  stage,  varying  from  pale  slaty 
blue  to  pale  olive  yellow  or  pink. 

ell  stained  sections  generally  have  a  fairly  deep  bluish  purple 
appearance  to  the  naked  eye.  Organisms  may  be  well  stained  at 
times  even  when  there  is  no  color  other  than  blue  in  the  sections, 
and  such  sections  wall  often  differentiate  well  wath  prolonged  ex¬ 
posure  to  sunlight. 

Perfect  results  can  be  expected  only  after  some  experience  with 
the  method,  and  sections  must  be  treated  individually  since  certain 
tissues,  such  as  skin,  differentiate  quickly  and  well,  while  others, 
such  as  brain,  are  e.xtremely  difficult  to  differentiate  properly. 

The  diseases  due  to  the  Rickettsiae  are  all  insect-bome  and 
probably  all  require  an  intermediate  host  fa  rodent ).  Two  diseases 
belonging  to  this  group  are  the  following: 

(1)  Ayphus  Fever.  (  aused  by  Rickettsia  proiuazcki.  In 
sections  the  organisms  are  found  in  vascular  lesions  especially  in 
the  skin  but  also  in  the  skeletal  muscles,  brain,  kidneys  and  testes. 
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In  such  lesions  they  occur  in  the  endothelial  cells  of  the  blood  ves¬ 
sels  and  also  in  perivascular  mononuclear  phagocytes. 

(2)  Rocky  Mountain  Spotted  Fever. — Due  to  Dcrmacrn- 
troxcnus  rickcttsi.  In  sections  the  Rickettsiae  are  present  in  the 
endothelial  cells  and  smooth  muscle  cells  of  the  blood  vessels,  of 
the  skin,  skeletal  imiscles,  testes  and  scrotum.  They  also  occur  in 
mononuclear  cells  in ’the  adventitia  of  the  blood  vessels. 

4.  FILTRABLE  VIRUSES 

A  number  of  diseases  are  caused  by  infectious  agents  that  are 
characterized  by  being  not  visible  by  any  of  the  ordinary  methods 
and  by  being  able  to  pass  through  bacteria-retaining  filters.  Certain 
of  these  viruses  cause  the  formation  in  the  cytoplasm  or  nuclei  of 
the  cells  of  the  infected  tissue  characteristic  bodies  known  as  “in¬ 
clusion  bodies.”  The  true  nature  of  these  bodies  is  not  known. 
Only  those  virus  diseases  that  are  important  for  man  and  that  are 
characterized  also  by  the  formation  of  inclusion  bodies  will  be  men¬ 
tioned  below. 

The  phloxine-methylene  blue  stain  or  Wolbach’s  modification  of 
Giemsa’s  stain  on  tissues  fixed  in  Zenker’s  fluid  or  in  the  same  fluid 
without  acetic  acid  will  be  found  satisfactory  for  the  demonstration 
of  inclusion  bodies. 

(1)  Rabies. — A  disease  transmitted  to  man  usually  from  dogs  or 
wolves.  The  inclusion  bodies  diagnostic  of  this  disease  are  known 
as  Negri  bodies.  They  are  best  demonstrated  in  the  brain  in  the 
hippocampus  major  and  in  the  Purkinje  cells  of  the  cerebellum. 
These  bodies  are  round  or  oval,  but  may  be  irregular,  pear  shaped, 
or  triangular  in  form.  They  vary  in  diameter  up  to  23  /c  They 
contain  small  vacuoles,  in  some  of  which  are  granules  of  varying 
size  and  number;  generally  there  is  a  central  larger  structure  sur¬ 
rounded  by  smaller  ones.  In  preparations  stained  by  phloxine- 
methylene  blue  the  bodies  generally  are  colored  deeply  with 
phloxine,  with  the  exception  of  the  granules,  some  of  which  take  the 
methylene  blue. 

The  bodies  may  be  sought  for  in  smear  preparations  or  in  sec¬ 
tions.  Pieces  of  gray  brain  substance  should  be  taken  for  examina¬ 
tion  from  the  cortex  in  the  region  of  the  fissure  of  Rolando,  from 
the  hijipocampus,  and  from  the  vermis  of  the  cerebellum. 

For  demonstrating  the  Negri  bodies  in  smear  preparations  pro- 
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ccH'd  as  lollows:  A  small  bit  of  the  gray  matter  of  the  brain  chosen 
lor  examination  is  cut  out  and  j)laced  on  a  chain  slide.  'I'hc  cut  in 
the  brain  should  be  made  at  rif^ht  angles  to  the  surface  and  a  thin 
slice  taken.  a\'oiding  the  white  matter  as  much  as  possible.  A 
coverslip  is  now  pressed  down  uiion  the  thin  piece  of  tissue,  spread¬ 
ing  it  out  in  a  moderately  thin  layi'r.  then  the  coversli[)  is  drawn 
slowly  and  evenly  along  the  slide. 

Williams’  Modification  of  Van  Gieson’s  Stain  for  Negri  Bodies 
in  Smears  (,1908).-  Fixation. — Smears  are  {"lartially  air-dried  and 
fixed  tor  10  seconds  in  neutral  methyl  alcohol  to  which  0.1  per  cent 
picric  acid  has  been  added.  Remove  excess  of  fixing  solution  with 
filter  paper. 

Sta ill ing  S ol utio n . — 

Basic  fuchsin,  saturated  alcoholic  solution 


(about  5.93  per  cent) 

Methylene  blue,  saturated  alcoholic  solution 


0.5  cc. 


( about  3.55  per  cent) 
Water,  distilled 


10  cc. 
30  cc. 


This  staining  mixture  keeps  for  a  long  time  in  the  ice-box. 

Method  oj  Staining. —  1.  Cover  smear  with  the  above  stain  and 
heat  to  steaming. 

2.  Wash  in  tap  water. 

3.  Blot  with  filter  paper. 

Results. — Xegri  bodies  magenta  with  blue  granules;  nerve  cells 
blue;  red  blood  cells  yellow  or  salmon  pink. 

Bond’s  Modification  of  Mann’s  Eosin-Methyl  Blue  Stain  for 
Negri  Bodies  in  Smears. — Fixation. — vSmears  are  partially  dried  in 
the  air  and  fixed  in  methyl  alcohol  for  5  to  6  minutes. 

-S'  t  a  in  in  g  Solution. — 

Kosin,  1  per  cent  aqueous  solution  1  cc. 

Methyl  blue,  1  per  cent  aipieous  solution  0.7-1  cc. 

Water,  distilled  5  cc. 

1  repare  the  mixture  fresh  each  time.  J'he  stock  solutions  keep 
well. 

.M('thod  of  Staining.  -\.  Wash  for  30  seconds  in  running  tap 
water. 
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2.  Stain  for  4  to  5  minutes  with  the  eosin-methyl  blue  stain. 

3.  Wash  in  running  tap  water  for  30  seconds. 

4.  Blot  with  filter  paper. 

5.  Dehydrate  in  absolute  alcohol. 

6.  Clear  in  a  mixture  of  1  part  xylol  and  2  parts  aniline. 

7.  Rinse  in  xylol  and  mount  in  balsam. 

Results. — Negri  bodies  stain  red;  the  differential  staining  be¬ 
tween  red  blood  corpuscles  and  Negri  bodies  is  not  always  clear  in 
this  method. 

For  the  demonstration  of  Negri  bodies  in  sections  it  is  prefer¬ 
able  to  fix  brain  tissue  from  the  hippocampus  in  Zenker’s  fluid,  then 
to  embed  in  paraffin  and  cut  sections.  The  sections  are  best  stained 
with  the  phloxine-methylene  blue  stain  ( p.  86)  which  colors  the 
cytoplasm  of  the  Negri  bodies  red  and  the  granules  blue;  or  with 
Wolbach’s  modification  of  Giemsa’s  stain  (p.  195).  Negri  bodies 
by  the  latter  stain  are  brought  out  as  lilac  to  red  bodies  in  the  blue 
cytoplasm  of  the  nerve  cells.  The  following  rapid  method  devised 
by  Schleifstein  permits  early  identification  of  the  Negri  bodies. 

Schleifstein’s  Rapid  Method  for  Demonstrating  Negri  Bodies  in 
Sections  (1937). — This  method  has  the  advantage  that  the  entire 
procedure,  from  the  removal  of  the  brain  to  the  completion  of  the 
sections,  requires  only  about  8  hours. 

Fixation. — Fix  blocks  of  tissue,  not  more  than  3  mm.  thick,  from 
the  hippocampus  major  and  the  cerebellum  in  Zenker’s  fluid  for  4 
hours  at  37°  C. 

Embedding. — 1.  Wash  for  30  minutes  in  running  tap  water  or, 
if  desired,  overnight. 

2.  Place  the  blocks  in  a  glass  stoppered  bottle  which  contains 
80  cc.  of  dioxane,  a  few  flakes  of  iodine,  and  anhydrous  calcium 
chloride  to  a  depth  of  1  cm.  The  blocks  of  tissue  should  be  sup¬ 
ported  in  the  dioxane  well  above  the  layer  of  calcium  chloride.  (A 
non-corrosive  wire  tripod  with  a  fine  mesh  screen  has  been  used.) 
Leave  for  1  hour  at  37°  C. 

3.  Transfer  to  a  mixture  of  equal  parts  dioxane  and  paraffin  for 
1  hour  at  56°  C.  Care  should  be  taken  to  have  the  blocks  rest  a 
few  centimeters  above  the  bottom  of  the  bottle,  since  dioxane  tends 
to  settle. 

4.  Iflace  in  a  paraffin  bath  at  56°  C.  for  1  hour. 

5.  Embed  in  paraffin. 
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St  (lining  So/ntioiis. — 


Solution  A 


Rosaniline 
iNIethylene  blue 
Glycerin 
Alcohol,  methyl 


100  cc. 
100  cc. 


100 


1.8  gm. 
1  gm. 


Shake  for  several  minutes.  The  mi.xture  keeps  indefinitely. 


Solution  E 


Potassium  hydroxide,  1:40,000  aqueous  solution 

For  staining  add  1  drop  of  Solution  A  to  2  cc.  of  Solution  B. 
Phis  mixture  should  be  freshly  prepared  for  use  each  time. 

Method  oj  Staining. —  1.  Cut  sections  4  /x  thick  and  attach  to 
slides  with  Mayer’s  albumin-glycerin. 

2.  Heat  slides  carefully,  section  up,  over  a  low  Bunsen  flame 
until  the  paraffin  begins  to  melt.  By  that  time,  the  water  will  have 
evaporated  and  the  slides  can  be  put  into  xylol. 

3.  Remove  paraflm  in  the  usual  manner  and  place  slides  in  dis¬ 
tilled  water. 

4.  Place  slides  on  an  electric  plate;  flood  with  freshly  prepared 
stain  and  gently  steam  for  5  minutes. 

5.  Cool  and  wash  quickly  in  tap  water. 

6.  Decolorize  and  dillerentiate  each  slide  separately  by  gently 
agitating  in  a  jar  of  90  per  cent  alcohol  until  the  section  assumes  a 
faint  violet  color.  This  is  a  particularly  important  step. 

7.  Pass  sections  rapidly  through  95  per  cent  and  absolute  alcohol. 

8.  Clear  in  xylol  and  mount  in  balsam. 

Residts. — Negri  bodies  stain  a  deep  magenta  red  color;  the 
granular  inclusions  are  dark  blue.  Nucleoli  bluish  black;  cytoplasm 
bluish  violet;  red  blood  cells  copper  color. 

(2)  Vaccinia. — The  inclusion  bodies  are  known  as  Guarnieri’s 
bodies.  They  occur  only  in  the  cytoplasm.  Following  the  phloxine- 
methylene  blue  or  the  Giemsa  stain  they  appear  as  dense,  red  to 
pink  to  lilac  bodies,  round  to  oval  in  shape. 

(3)  Variola. — The  inclusion  bodies  are  likewise  known  as 
Guarnieri’s  bodies.  Morphologically  they  resemble  those  of  vac¬ 
cinia  but  are  found  in  the  nuclei  as  well  as  in  the  cytopla.sm. 

(4)  Herpes.  The  inclusion  bodies  of  the  different  types  of 
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herpes  are  similar  in  ajiiiearance.  They  are  exclusively  intranuclear 
and  are  acidophilic.  Following  the  phloxine-methylene  blue  or  the 
Giemsa  stain,  they  appear  as  homogeneous  or  finely  granular  pink 
to  red  staining  masses;  the  nucleolus  and  chromatin  marginate  on 
the  nuclear  membrane. 

(5)  Varicella. — The  inclusion  bodies  are  similar  to  those  of 
herpes. 

( 6  )  Molluscum  Contagiosum. — The  inclusion  bodies  in  their 
fully  developed  state  are  large,  often  practically  filling  the  cell  and 
compressing  the  nucleus.  They  are  cytoplasmic  in  situation  and  are 
acidophilic,  staining  reddish  to  purplish  with  the  phloxine-meth¬ 
ylene  blue  or  with  Giemsa’s  stain. 

(  7  )  Yellow  Fever. — The  inclusion  bodies  are  intranuclear  and 
occur  exclusively  in  liver  cells.  Following  the  phloxine-methylene 
blue  or  Giemsa’s  stain,  they  are  colored  pink  to  red.  They  are  made 
up  of  spherical  clumps  of  fine  particles.  The  nucleolus  preserves 
its  central  position  in  contrast  with  its  marginal  position  in  herpes. 

5.  SPIROCHAETALES 

These  organisms  are  slender,  flexible  spiral  filaments.  In  addi¬ 
tion  to  the  spirals  they  often  have  a  variable  number  of  waves. 
They  are  actively  motile  but  possess  no  flagella.  The  exact  nature 
of  this  group  has  not  yet  been  definitely  settled,  that  is,  whether 
they  are  bacteria  or  protozoa.  This  uncertainty  has  led  to  a  con¬ 
fusion  in  nomenclature.  I  shall  follow  that  given  in  Bergey’s 
Manual  of  Determinative  Bacteriology  (1934)  and  shall  deal  only 
with  the  important  parasitic  forms. 

These  organisms  can  be  studied  in  unfixed  specimens  of  blood, 
body  fluids  or  exudates  by  means  of  dark-field  illumination.  The 
diagnosis  of  the  type  depends  on  the  size,  number,  constancy  and 
angles  of  the  spirals.  For  staining  them  in  fixed  smears  and  sec¬ 
tions  a  variety  of  special  methods  have  been  devised,  since  in  general 
they  do  not  stain  by  the  usual  bacteriological  methods. 

(1)  Syphilis 

Caused  by  the  Treponema  pallidum.  The  organisms  are  6  to 
14  /X  long,  0.25  to  0.5  /<  in  diameter  and  have  3  to  20  shaq-)  deep 
sjiirals  which  are  constant. 

The  organisms  are  to  be  sought  for  in  different  locations,  ac- 
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cordinu;  to  the  ty[)e  or  sta^^e  ol  tlie  disease.  In  tlie  i)riiiiary  stage 
they  are  best  demonstrated  by  dark-lield  illumination  in  material 
from  the  primary  U'sion  (chanere).  In  the  seeondary  st;ige  they 
may  be  toimd  by  similar  means  in  the  skin  lesions  or  lymph  nodes. 
In  the  tertiary  stage  they  are  to  be  sought  for  in  sections  of  the 
lesions  characteristic  of  this  stage,  c.  gummas  in  any  organ, 
lesions  of  aortiti.s  and  those  of  general  paresis  (brain).  It  may  be 
stated  that  the  demonstration  of  treponemas  in  the  tertiary  stage  is 
olten  unsuccessful  even  in  active  lesions.  In  congenital  syphilis  the 
liver,  pancreas,  adrenal  and  heart  should  be  examined  either  by 
dark-tield  illumination  of  fluid  expressed  from  the  organs  or  in  fixed 
material  by  special  stains.  Even  dead  forms  may  show  up  dis¬ 
tinctly.  as  for  example  in  fluid  squeezed  from  the  liver  at  autopsy 
of  a  case  of  congenital  syjdfilis.  The  treponemas  are  often  ex¬ 
tremely  numerous  in  this  form  of  syphilis. 

The  organisms  may  be  demonstrated  in  fixed  smears  and  sec¬ 
tions  by  various  staining  methods.  For  this  purpose  lesions  are 
cleaned  of  any  adherent  exudate.  Smear  preparations  are  then 
made  from  the  tissue  exudate  obtained  by  pressure  or  scraping.  An 
excess  of  blood  should  be  avoided.  The  preparations  are  dried  in 
the  air  and  may  be  stained  by  the  following  methods: 

Method  for  Demonstrating  Treponemata  Pallida  in  Smears 
with  Wright’s  Blood  Stain.— The  material  should  be  thinly  spread 
on  a  coverslip,  not  on  a  slide.  The  coverslip  is  held  level  with  for¬ 
ceps  during  the  staining. 

Staining  Solution. — In  a  test  tube  mix  10  cc.  of  distilled  water, 

1  cc.  of  \\  right  s  stain  ( p.  181  ),  and  1  cc.  of  a  0.1  per  cent  aqueous 
solution  of  potassium  carbonate.  Heat  to  boiling. 

Method  oj  Staining. —  1.  Cover  smear  preparation  with  the  hot 
staining  solution  for  .3  to  4  minutes. 

2.  When  the  fluid  in  the  [n'eparation  has  become  a  violet  color 
and  a  thin,  yellow  metallic  scum  has  formed  on  the  surface,  pour  the 
staining  solution  off  and  again  cover  the  preparation  with  the  hot 
mixture  after  again  heating  in  the  test  tube. 

3.  Re|)eat  once  more. 

4.  Wash  in  water. 

•3.  Dry  and  mount  in  b.alsam. 

R(  suits.  rreponemas  intensely  violet. 
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Giemsa’s  Method  for  Demonstrating  Treponemata  Pallida 
in  Smears  (1905). — Gieinsa’s  stain  is  very  sensitive  to  changes  in 
the  hydrogen  ion  concentration.  Therefore  the  glassware  used  must 
be  clean  and  any  traces  of  acid  should  be  avoided. 

Fixation. — \’ery  thin  smears  are  dried  in  the  air  and  fixed  for  at 
least  15  minutes  in  absolute  alcohol. 

Staining  Solution. — 

Giemsa’s  stock  solution  (p.  185)  10  drops 

Water,  distilled  10  cc. 

Potassium  carbonate,  0.1  per  cent  aqueous 
solution  5-10  drops 

Method  oj  Staining. — 1.  Pour  on  freshly  prepared  dilute  Giemsa 
solution  and  stain  for  10  to  50  minutes. 

2.  Rinse  quickly  in  a  stream  of  water. 

5.  Blot  with  filter  paper  and  mount  in  balsam. 

Results. — Treponemas  dark  red. 

Giemsa’s  Rapid  Method  for  Treponemata  Pallida  in  Smears 

(1909). — Fixation. — Fix  in  absolute  alcohol  15  minutes  or  draw  the 
smear  5  times  through  a  fiame. 

Method  oj  Staining. —  1.  Pour  on  freshly  prepared  dilute  Giemsa 
solution  (10  drops  of  stock  Giemsa  to  10  cc.  distilled  water)  and 
steam  gently,  then  leave  for  15  seconds. 

2.  Pour  off  staining  solution  and  immediately  pour  on  fresh 
dilute  Giemsa  solution,  warm  and  then  allow  to  cool  for  15  seconds. 

5.  Repeat  this  4  times,  leaving  stain  on  1  minute  the  last  time. 

4.  Rinse  quickly  in  a  stream  of  water. 

5.  Blot  with  filter  paper  and  mount  in  balsam. 

Results. — Organisms  intensely  dark  red. 

Benian’s  Method  for  the  Demonstration  of  Treponemas  in 
Smears. — Proeedure. — Thoroughly  mix  on  a  coverslip  1  or  2 
platinum  loops  full  of  2  per  cent  aqueous  solution  of  Congo  red  with 
a  small  amount  of  serum  or  exudate  from  the  lesion.  Spread  the 
viscid  mixture  evenly  and  rather  thinly.  Dry  in  the  air.  Wash 
with  1  per  cent  aqueous  solution  of  hydrochloric  acid.  Drain  off  at 
(jnee  and  dry  in  the  air.  Do  not  wash  in  water  or  blot. 

Results. — The  treponemas  appear  white  and  unstained  on  a 
blue  background,  which  should  be  homogeneous.  Too  large  a  pro- 
[)ortion  of  exudate  results  in  a  granular  background. 
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The  Fontana-Tribondeau  Method  for  Demonstrating  Trep- 


onemas  in  Smears  (  P)25-2t)).  Fi.xation. 

d'hin  smears  of 

are  air-dried. 

,S' tainiiii^  Solution. — 

Ruge's  Solution 

.\cetic  acid,  glacial 

1  cc. 

Formalin 

2  cc. 

Water,  distilled 

100  cc. 

Mordant 

Uarbolic  acid,  liquid 

1  cc. 

Tannic  acid 

5  gm 

W'ater,  distilled 

100  cc. 

Font ana's  Ammoniacal  Silver  Nitrate  Solution.-  -To  a  1  per 
cent  silver  nitrate  solution  add  ammonia  water,  diluted  1:20,  drop 
by  drop  until  a  coffee-colored  clouding  of  the  solution  occurs.  Use 
at  least  50  to  100  cc.  of  the  silver  nitrate  solution,  because  otherwise 
the  optimum  is  easily  passed. 

Met  hoe!  oj  Staining. —  1.  Pour  a  few  drops  of  Ruge’s  solution  on 
the  smear  for  1  minute,  changing  the  fluid  several  times. 

2.  Rinse  in  running  water. 

3.  Mordant  with  a  few  drops  of  the  tannic  acid  solution,  heating 
for  20  seconds  over  a  small  flame  to  steaming. 

4.  Rinse  in  distilled  water. 

-v  Stain  in  Fontana's  ammoniacal  silver  nitrate  solution  for  30 
seconds,  heating  slightly. 

h.  hoi  presei \'ation,  wash  in  water,  dry  in  the  air  and  mount  in 
balsam. 

Results. — Treponemas  and  other  spirochetes  and  almost  all 
microorganisms  brown  to  deep  black. 

Bum’s  India  Ink  Method  for  Demonstrating  Treponemas 
(1909). —India  Ink  Suspension.— .solution  of  India  ink  in  dis¬ 
tilled  water,  1:10  or  better  1:4,  is  sterilized  in  test  tubes  in  the 
autoclave  for  15  minutes. 

Approximately  equal  parts  of  the  fluid  from  the 
lesion  and  of  the  India  ink  solution  are  cjuickly  mi.xed  together  on  a 
.slide  with  the  aid  of  a  platinum  loop,  .spread  thinly,  and  allowed  to 
drv.  When  dry  examine  the  slide  with  an  oil  immersion  lens. 

Results.-  -ThQ  preparation  should  have  a  brown  color.  The 
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treponemas  and  bacteria  appear  as  unstained,  brilliant  white  boflies 
in  a  brown  to  black  backKronnd.  Particles  of  India  ink  surround 
the  organisms  like  a  capsule. 

The  Warthin- Starry  Silver- Agar  Method  for  Staining 
Treponemas  in  Smears  (1922  ). — Fixation. — Prepare  smear  on 
covcrslip  and  dry  thoroughly  in  the  air.  Then  fix  in  absolute  alco¬ 
hol  3  to  5  minutes. 

Staining  Solution. — 


Silver  nitrate,  2  per  cent  aqueous  solution  3  cc. 

Gelatin,  warm  10  per  cent  aqueous  solution  5  cc. 

Glycerin,  warm  5  cc. 

Agar  suspension,  warm  1.5  per  cent  solution  5  cc. 

Hydroquinone,  5  per  cent  aqueous  solution  2  cc. 


Mix  silver  nitrate,  gelatin  and  glycerin  thoroughly,  then  stir  in 
the  agar  suspension  last.  The  hydroquinone  is  added  just  before 
use.  Make  the  agar  suspension  by  breaking  up  fine  1.5  gm.  of 
agar  and  place  in  20  to  30  cc.  of  distilled  water.  Allow  the  agar 
to  soak  for  a  few  minutes  until  it  is  saturated  with  water.  The  excess 
is  poured  off  and  the  agar  washed  with  several  changes  of  distilled 
water.  Then  100  cc.  of  distilled  water  are  added  and  with  constant 
stirring  brought  to  the  boiling  point.  When  the  agar  is  in  a  fine 
suspension  pour  into  a  clean  bottle.  As  the  agar  thickens  shake 
occasionally  and,  when  it  begins  to  set,  break  it  up  by  violent  shak¬ 
ing.  Keep  on  top  of  a  paraffin  oven. 

]\Icthod  of  Staining. — 1.  Wash  in  2  changes  of  distilled  water. 
Hydrogen  peroxide  may  be  used  to  clear  the  background,  and  in 
that  case  the  smear  is  placed  in  concentrated  hydrogen  peroxide  for 
5  to  20  minutes  and  then  washed  thoroughly  in  distilled  water. 

2.  Rinse  the  smear  in  a  2  per  cent  solution  of  silver  nitrate, 
which  should  not  be  over  6  to  7  days  old.  Cover  the  smear  side 
with  another  clean  coverslip,  which  has  also  been  rinsed  in  the  silver 
nitrate  solution.  Place  the  two  adherent  coverslips  carefully  in  a 
wide-mouthed  bottle  of  2  per  cent  silver  nitrate  (smeared  cover- 
slij)  next  to  the  wall )  and  put  in  the  incubator  for  1  to  2  hours;  then 
remove  the  coverslips  from  the  silver  nitrate  solution  and  sejiarate 
them. 

3.  Put  the  coverslij)  smear  side  up  in  the  solution  given  above 
for  30  .seconds  to  2  minutes,  until  the  smear  is  light  brown. 
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4.  Att('r  the  solution  is  redueed  lA'inove  and  rinse  in  5  jx-r  ernit 
xxliuin  thiosulfate  for  a  few  seconds. 

5.  Rinse  in  distilUal  watr'r. 

().  I)(“hydrate  in  absolute  aleohol. 

7.  Clear  in  xylol  and  mount  in  balsam. 

Results. —  I  re}ionemas  blaek  against  a  light  background.  The 
stained  smears  are  not  always  i)ermanent. 

Levaditi’s  Method  for  Staining  Treponemata  Pallida  in 
Sections  (1906). — hi.xation. —  Pieces  of  tissue  about  1  mm.  thick 
are  placed  in  10  per  cent  formalin  for  24  hours. 

Method  of  Stuiiihi!’. —  1.  Rinse  tissue  in  water. 

2.  Place  in  95  per  cent  alcohol  for  24  hours. 

3.  Place  in  distilled  water  until  the  tissue  sinks  to  the  bottom 
of  the  container. 

4.  Place  in  a  freshly  prepared  1.5  to  3  per  cent  aqueous  solu¬ 
tion  of  silver  nitrate  and  keep  at  37°  C.  in  the  dark  for  3  to  5  days, 
changing  the  solution  3  times.  The  stronger  solution  of  silver  nitrate 
is  preferable  for  tissues  removed  during  life. 

5.  Wash  in  distilled  water. 

6.  Place  in  the  following  solution  for  24  to  72  hours  at  room 
temperature  in  the  dark: 

Pyrogallic  acid 
Formalin 
Water,  distilled 

7.  Wash  in  distilled  water. 

8.  Dehydrate  in  80  and  95  per  cent  followed  by  absolute 
alcohol. 

9.  Clear  in  oil  of  cedarwood  and  embed  in  paraffin  in  the  usual 
manner. 

10.  Cut  sections  5  n  thick  and  mount  after  removing  the  paraffin. 

Results. — The  treponemas  are  stained  intensely  black  by  the 
precipitation  of  metallic  silver  on  them  and  the  tissue  appears  yellow 
to  brown.  The  sections  may  be  counterstained  with  Giemsa’s  blood 
stain,  but  this  is  of  doubtful  advantage. 

Heitzman’s  Modification  of  the  Warthin- Starry  and  Nieto’s 
Methods  for  Staining  Treponemata  Pallida.  Fi.xation.—F\x  in 
10  per  cent  formalin.  Cut  frozen  .sections  at  15  /<•  or  less.  De- 
paraffmized  sections  can  be  used,  but  are  not  recommended. 


2-4  gm. 

5  cc. 
100  cc. 
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Method  of  Staiiiiii}^. —  1.  Place  sections  directly  in  |)yri(line  for 
10  minutes. 

2.  Wash  in  3  changes  of  distilled  water. 

3.  Place  in  a  1  per  cent  aqueous  solution  of  uranium  nitrate  for 
IS  minutes  at  37°  C. 

4.  Wash  quickly  in  2  changes  of  distilled  water. 

5.  Place  in  a  0.25  per  cent  aqueous  solution  of  silver  nitrate  for 
15  to  30  minutes  in  the  paraffin  oven  at  56°  C. 

6.  Place  sections  in  the  following  developing  solution,  freshly 
prepared,  until  they  are  dark  brown  (2-3  minutes). 

Pipette  rapidly  into  a  50  cc.  beaker  and  mix  each  solution  by 
whirling.  Place  sections  in  fluid  immediately  after  adding  hydro- 
quinone. 

Gelatin,  5  per  cent  aqueous  solution  at  56°  C.  IS  cc. 

Silver  nitrate,  2  per  cent  aqueous  solution  3  cc. 

Hydroquinone,  1  per  cent  aqueous  solution  0.5  cc. 

7.  Remove  sections  and  wash  thoroughly  in  warm  distilled  water. 

8.  Dehydrate  on  a  slide,  using  a  pipette,  and  gradually  increase 
the  strength  of  alcohol  to  absolute. 

9.  Clear  in  benzol  and  mount  in  balsam. 

Results. — Sections  should  be  examined  under  an  intense  yellow 
light.  Treponemas  black;  nuclei  dark  brown;  other  tissue  elements 
yellowish  brown. 

It  -is  important  not  to  leave  sections  in  the  developing  solution 
too  long  as  a  heavy  precipitation  will  take  place,  obscuring  all  detail. 

(2)  Yaws 

Frambesia  tropica,  or  yaws,  is  caused  by  Trc pouema  perteuuc. 
This  organism  is  18  to  20  ^  in  length  and  has  6  to  20  uniform  spirals. 

Yaws  is  primarily  a  disease  of  the  skin  although  visceral  lesions, 
in  the  aorta  and  bone,  do  occur  also.  In  addition  the  organisms  may 
be  found  in  the  spleen,  lymph  nodes  and  bone  marrow.  These  trepo¬ 
nemas  can  be  demonstrated  by  the  same  means  as  those  employed 
for  the  Treponema  pallidum. 

(3)  Relapsing  Fever 

C'aused  by  Borrelia  reeurrentis.  These  organisms  are  8  to  16 
long  and  0.35  to  0.5  m  in  diameter;  the  spirals  are  large,  wavy  and 
inconstant. 
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In  (his  fliscaso  (ho  organisms  arc  best  (Icmonslralcd  in  (he  blood, 
either  by  dark-l'ield  illumination  or  in  fixed  smears  stained  by 
Wrights  or  (liemsa  s  stain  as  given  for  the  Frcpoiu'nui  pallidinu. 
Siiecimens  of  blood  should  be  taken  during  (he  febrile  paroxysms. 

(4)  VINCENT’S  Angina  and  Fusospirochetal  Diseases 

I  he  organism,  Borrdia  v'nu  rntii,  occurs  in  association  with 
tusilorm  bacilli,  especially  Fusijormis  drntium  (Vincent’s  fusiform 
bacillus).  The  organism  is  12  to  25  /-  in  length  and  has  shallow 
irregular  spirals. 

The  oiganisms  are  found  in  diseases  of  the  oral  cavitv',  tonsils 
and  pharynx  (Vincents  angina)  and  have  been  assigned  an  im¬ 
portant  role  in  the  production  of  certain  di.seases  of  the  lung  and 
elsewhere.  They  may  be  looked  for  in  unfixed  preparations  by 
dark-field  illumination  or  may  be  stained  in  smears  and  sections 
by  the  methods  given  for  the  Treponema  pallidum.  However,  since 
Borrelia  vineentii  stains  more  easily  than  others  of  the  spirochae- 
tales,  staining  heat-fixed  smears  with  Stirling’s  aniline  crystal  violet 
(p.  90)  for  10  .seconds  is  sufficient  to  bring  them  out  distinctly. 

(5)  Weil’s  Disease 

Infectious  jaundice  or  Weil’s  disease  is  caused  by  Leptospira 
leterohaemorrhagiae.  The  organisms  are  6  to  9  /t  long  and  0.25  to 
0..5  //  in  diameter.  The  spirals  are  rigid  and  regular. 

The  leptospirae  occur  in  the  blood  and  urine  but  usually  are 
difficult  to  demonstrate  by  microscopic  means.  In  tissues  they  are 
well  brought  out  by  Levaditi’s  stain  for  the  Treponema  pallidum 
and  are  to  be  .sought  for  especially  in  sections  of  the  liver  and  kidney. 


6.  PROTOZOA 
fl)  Amebic  Dysentery 

Several  species  of  amebas  occur  in  the  intestine  but  only  one 
species,  Endamoeha  histolyiiea,  is  pathogenic  and  is  the  cause  of 
amebic  dysentery.  The  others  are  harmless  parasites. 

In  cases  of  dy.sentery  suspected  of  being  due  to  amebas  the 
stools  are  best  examined  as  soon  as  passed,  although  the  amebas  will 
sometimes  remain  active  in  stools  even  after  24  hours.  .\  warm 
stage  during  the  examination  is  an  advantage,  but  not  a  necessity. 
A  dro[)  of  (he  lluid  material,  preferably  that  containing  mucus  or 
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blood,  is  placed  on  a  slide  and  lightly  covered  with  a  coverslip.  If 
the  slide  is  cold  and  the  organisms  do  not  move,  warm  the  slide 
gently  and  the  movements  of  the  amebas  will  often  begin.  Pus  from 
abscesses  due  to  amebas  is  examined  in  the  same  way.  The  diag¬ 
nosis  is  made  by  finding  the  characteristic  large  cell,  with  single 
round  nucleus  and  glassy  refringent  peripheral  cytoplasm,  which 
projects  itself  actively  in  the  form  of  pseudopods.  The  cytoplasm 
often  contains  vacuoles  and  red  blood  corpuscles.  The  presence  of 
the  latter  is  an  important  diagnostic  feature  for  the  pathogenic 
amebas;  they  are  not  found  in  non-pathogenic  forms. 

Amebas  and  their  nuclei  may  be  made  more  clearly  visible  in 
wet  smear  preparations  by  emulsifying  the  fecal  material  or  pus  in 
Gram’s  iodine  solution  (p.  82),  which  stains  the  glycogen  present, 
or  by  mixing  the  feces  with  a  drop  of  1  or  2  per  cent  formalin,  then 
adding  a  drop  of  2  per  cent  acetic  acid  and  tinging  with  1  drop  of  1 
per  cent  neutral  red  solution. 

Hematoxylin  Stains  for  Amebas. — Permanent,  stained  smear 
preparations  may  be  made  as  follows: 

Fixation. — Make  a  thin  smear  and  fix,  while  moist,  for  15 
minutes  in  a  mixture  of  95  per  cent  alcohol  1  part,  and  a  saturated 
aqueous  solution  of  mercuric  bichloride  (about  6.9  per  cent)  2  parts. 

]\Icthod  of  Staining. — 1.  Wash  in  water  for  a  few  seconds  and 
cover  with  a  1  per  cent  alcoholic  solution  of  iodine  for  3  minutes. 

2.  Wash  with  95  per  cent  alcohol  until  the  iodine  stain  dis¬ 
appears. 

3.  Wash  in  water  and  stain  with  Mallory’s  iron  hematoxylin  ( p. 
75),  or  with  phosphotungstic  acid  hematoxylin  (p.  76)  for  30 
minutes. 

4.  Wash  in  water. 

5.  Dehydrate  with  95  per  cent  followed  by  absolute  alcohol. 

6.  Clear  in  xylol  and  mount  in  balsam. 

Results. — Nuclei  and  ectosarc  deep  blue;  cytoplasm  bluish. 

In  sections  of  fixed  tissues  the  nuclei  of  the  amebas  do  not  stain 
particularly  well  with  the  ordinary  nuclear  stains,  such  as  alum 
hematoxylin  and  methylene  blue,  although  the  phosidiotungstic  acid 
hematoxylin  stain  brings  them  out  with  great  sharpness.  The  fol¬ 
lowing  method  of  staining  has  been  found  to  give  very  satisfactory 
results  and  to  render  the  recognition  of  the  organisms  easy.  'This 
method  may  be  applied  also  to  bits  ol  mucus  in  the  stools. 
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Mallory’s  Diflferential  Stain  for  Amebas  in  Sections  (  I.S07  ). 
— iixatiou.  i'ix  tissue'  in  05  jn'r  cunt  or  uhsoliitc*  alcoliol.  iMiibcd 
in  paraflin  or  t'clloidin. 

Method  of  Sfaiiihi’^.  1.  Stain  sections  in  a  saturated  a(|ueous 
solution  of  thionin  (about  0.25  i)er  cent)  for  5  to  5  minutes. 

2.  Ditlerentiate  in  a  2  jn'r  cent  a(|ueous  solution  of  oxalic  acid 
for  to  1  minute. 

5.  W'ash  in  water. 

4.  Dehydrate  in  95  per  cent  and  absolute  alcohol. 

5.  (dear  in  xylol  and  mount  in  balsam. 

Clear  celloidin  sections  in  terpineol  or  in  oil  of  origanum  after 
95  per  cent  alcohol. 

Rcsidts. — Xuclei  of  the  amebas  and  granules  of  mast  cells  are 
brownish  red;  nuclei  of  mast  cells  and  of  all  other  cells  are  blue. 

The  results  obtained  with  feces  examined  in  the  same  way  or 
after  embedding  in  celloidin  were  much  less  satisfactory,  for  the 
reason  that  various  substances  in  the  feces  precijiitate  the  thionin 
in  the  form  of  reddish  crystals  and  give  rise  to  deceptive  pictures. 
-A  similar  diflerential  stain  can  be  obtained  by  Unna’s  method  for 
staining  the  granules  of  mast  cells  (p.  175). 

(2)  Balantidial  Dysentery 

Balantidium  coli  is  a  large  protozoal  parasite  that  infects  man 
but  rarely  and  causes  balantidial  dysentery.  Phosphotungstic  acid 
hemato.xylin  stains  deep  blue  the  bean  shaped  macronucleus,  the 
spherical  micronucleus,  and  also  the  cilia  surrounding  the  body  but 
best  developed  in  the  funnel  shaped  opening  at  one  end. 

(3)  Malaria 

Three  varieties  of  the  Plasmodium  mahwiac  hav^e  been  described, 
namely  the  tertian,  quartan  and  aestivo-autumnal.  They  develop 
within  or  upon  the  red  corpuscles  of  the  blood  and  cause  the  de¬ 
struction  of  the  corpuscles  affected. 

The  three  varieties  of  parasites  differ  from  one  another  in  a 
number  of  ways.  The  chief  differences  are  the  length  of  the  cycle 
of  development;  the  size  of  the  full-grown  organisms;  the  dilTerence 
in  the  refractivity  of  the  organisms;  the  (juantity,  size  and  color  of 
the  pigment  granules;  the  degree  of  ameboid  movement;  and  the 
number  and  shape  of  the  segments  into  which  the  full-grown  organ- 
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isms  divide.  In  the  earliest  stage  the  varieties  cannot  be  dis¬ 
tinguished  from  each  other. 

The  organisms  of  malaria  can  be  detected  in  fresh  specimens  of 
blood  or  in  specimens  of  blood  that  have  been  fi.xed  and  stained. 
In  doubtful  cases  the  parasites  are  more  surely  and  easily  found  in 
coverslip  preparations  of  the  blood  fixed  and  stained  by  special 
methods.  The  method  employed  in  making  coverslip  preparations 
of  the  blood  has  been  described  ( p.  ISO). 

Wright’s  Stain  for  Malarial  Parasites  (1902). — This  stain 
is  identical  with  his  blood  stain  and  is  applied  in  the  same  way  (p. 
181 ).  It  gives  the  so-called  Romanowsky  stain  to  the  parasites. 

Results. — With  this  method  the  body  of  a  malarial  parasite 
stains  blue,  while  the  color  of  the  chromatin  varies  from  a  lilac  color 
through  varying  shades  of  red.  In  the  young  forms  of  the  tertian 
and  aestivo-autumnal  parasites  the  chromatin  appears  as  a  spherical, 
dark  red  body,  while  in  the  older  forms  of  the  tertian  parasite  it  has 
a  more  lilac  or  purplish  red  color,  and  may  appear  in  the  form  of  a 
reticulum.  In  the  intermediate  forms  the  color  of  the  chromatin 
may  present  variations  between  these  extremes. 

Blood  platelets,  apparently  situated  within  red  blood  corpuscles, 
may  be  mistaken  by  the  inexperienced  for  young  malarial  parasites. 
This  ought  never  to  occur  if  one  bears  in  mind  the  fact  that  the 
young  parasite  of  all  three  varieties  should  present  by  this  method 
a  dark  red  spherical  nucleus  and  a  homogeneous  blue  cytoplasm 
which  is  usually  in  the  form  of  a  definite  ring. 

Ross’  Method  for  Staining  Malarial  Parasites. — This  method 
permits  a  relatively  large  amount  of  blood  to  be  examined. 

Fixation. — A  large  drop  of  blood  is  spread  on  a  slide  over  an 
area  the  size  of  a  coverslip.  Dry  and  fix  by  warming  over  a  flame. 

Method  oj  Staining. —  1.  After  treating  with  a  solution  of  acetic 
acid  and  washing  in  water,  cover  smear  with  a  10  per  cent  at|ueous 
solution  of  eosin  for  IS  minutes. 

2.  Wash  in  water. 

3.  Cover  with  a  dilute  solution  of  alkaline  methylene  blue  for  a 
few  seconds. 

4.  Wash  again  in  water. 

5.  Dry  and  mount. 

Results. — The  blue  stained  parasites  stand  out  well  since  the  red 
blood  corpuscles  are  eliminated  by  this  procedure. 
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Examination  of  Fresh  Blood  Specimens  for  Malarial  Para¬ 
sites.  In  (‘xamining  a  fresh  specimen  of  the  blood  for  malarial 
orf^anisms  a  slide  is  substituted  lor  one  of  the  coverslips,  and  the 
covc'rsli]!  wliieh  has  th('  drop  of  blood  on  its  surface  is  dropped 
liLjhtly  upon  the  shdc'  and  allowed  to  remain  there.  When  taking 
the  specimen  ot  blood  the  hrst  4  or  5  drops  should  be  cjuickly  wiped 
away  from  the  ear  until  a  very  small  drop  is  obtained.  (Ireat  care 
must  be  ext'rcised  to  touch  only  the  tip  of  the  drop  with  the  cover- 
slip  so  as  to  a\’oid  smearing  the  blood.  If  the  blood  is  smeared  on  the 
coverslip  the  ('dges  ot  the  blood  drop  will  dry  before  the  coverslip 
can  be  translerred  to  the  slide  and  the  blood  will  not  spread.  It  is 
necessatA'  that  the  blood  should  spread  in  a  thin  layer  in  order  to 
stud}’  satisfactorih’  the  individual  red  blood  cells.  If  one  desires  to 
study  the  iireparalion  for  se\’eral  hours  the  edges  of  the  coverslip 
can  be  sealed  by  melted  paraffin  or  vaseline  to  exclude  the  air.  The 
examination  shouhl  be  made  with  an  oil  immersion  lens.  It  should 
be  remembered  that  the  action  of  cold  inhibits  the  ameboid  move¬ 
ments  of  the  parasites:  it  may  be  necessary,  therefore,  at  times  to 
warm  the  slide  beff)rc  examining  the  specimen.  Evaporation  not 
infref]uently  occurs,  caused  by  the  air  penetrating  beneath  the 
coverslip.  This  produces  changes  in  many  of  the  corpuscles  which 
may  be  mistaken  for  hyaline  bodies;  the  central  depression  becomes 
paler  and  less  refractive  than  the  periphery  of  the  corpuscles;  later 
a  number  of  corpuscles  contain  small  glistening  points,  and  still 
later  the  corpuscles  become  crenated. 

Giemsa’s  Stain  for  Malarial  Parasites  in  Smears. _ This 

method  gives  the  Romanowsky  staining  also.  It  is  carried  out  ex¬ 
actly  as  described  for  blood  smears  (p.  18.3)  fixed  in  methyl  alcohol. 

licsults.  I  he  malarial  parasite,  consisting  of  a  nucleus  which 
stains  red  and  cytoplasm  which  stains  blue,  forms  a  rounded  body 
inside  of  the  pale  red  staining  erythrocyte.  The  parasite  is  seen 
typically  in  the  signet-ring  form,  with  a  blue  ring  with  red  nucleus  at 
one  side,  and  dark  brown  pigment  granules  in  the  blue  cytoplasm. 

Giemsa’s  Method  for  Staining  Protozoa  and  Bacteria  in 
Sections. — Fixation. —  I.  Fix  pieces  of  tissue,  not  more  than  2  mm. 
thick,  m  sublimate  alcohol,  consisting  of  2  parts  of  a  saturated 
aqueous  solution  of  mercuric  bichloride  (about  6.9  piw  cent),  and 
1  part  of  absolute  alcohol.  The  duration  of  fixation  should  be  at 
least  48  hours,  renewing  the  fixing  fluid  after  24  hours. 
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Or,  fix  in  Alaximow’s  Zenker-formol,  consisting  of  Zenker’s  lluid, 
to  100  cc.  of  which  10  cc.  of  formalin  arc  added  just  before  use. 
Fix  for  6  to  24  hours  at  room  temperature. 

2.  W  ash  in  water  for  24  hours  if  fixed  in  Maximow’s  solution. 

3.  Dehydrate  in  graded  alcohols  and  clear  in  xylol. 

4.  Embed  in  paraffin. 

5.  Cut  sections  2  to  4  /'.  thick.  Tissues  must  not  be  handled 
with  metal  instruments  until  after  they  have  been  cleared  in  xylol. 

Method  of  Staining. —  1.  Remove  paraffin  with  xylol  and  pass 
sections  through  graded  alcohols  to  water. 

2.  Place  sections  for  10  minutes  in  an  iodine  solution  consist¬ 
ing  of  2  gm.  potassium  iodide,  100  cc.  distilled  water,  and  3  cc. 
Gram’s  solution  ( p.  82).  Instead  of  this  mixture  it  is  possible  to 
use  Gram’s  iodine  solution,  1  to  3  cc.  of  which  are  mixed  with  100 
cc.  of  water  or  of  70  per  cent  alcohol,  or  a  weak  alcoholic  solution 
of  iodine.  The  use  of  the  latter  is  indicated  when  a  more  intense 
blue  staining  of  the  cytoplasm  is  desired,  and  demands  a  longer  time, 
20  to  30  minutes. 

3.  Wash  in  95  per  cent  alcohol  until  the  yellow  color  is  re¬ 
moved. 

4.  Wash  quickly  in  distilled  water. 

5.  Place  sections  for  10  minutes  in  0.5  per  cent  aqueous  solu¬ 
tion  of  sodium  thiosulfate. 

6.  Wash  in  tap  water  for  5  minutes. 

7.  Rinse  in  distilled  water. 

8.  Stain  in  a  freshly  diluted  solution  of  Giemsa’s  stain  for  2  to 
12  hours  or  longer.  The  dilution  is  made  by  adding  1  drop  of 
Giemsa’s  stain  (p.  183)  to  1  cc.  of  distilled  water;  or  for  longer 
staining  add  1  drop  of  Giemsa  s  stain  to  2  cc.  of  distilled  watei. 
After  the  first  30  minutes  the  staining  mixture  is  replaced  by  a  fresh 
solution. 

9.  Wash  in  distilled  water. 

10.  Dehydrate  successively  in  the  following  mixtures: 

Acetone  95  cc.,  xylol  5  cc. 

.\cetone  70  cc.,  xylol  30  cc. 

Acetone  30  cc.,  xylol  70  cc. 

The  duration  in  these  mixtures  deiiends  on  the  degree  of  dilferen- 
tiation  required. 
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11.  Clear  in  xylol  and  mount  in  balsam. 

Ihe  distilled  water  used  for  dilutin,!^  the  stainin;^^  Iluid  must  be 
absolutely  tree  trom  aeid.  Ihe  slightest  trace  of  orj^anie  or  minc'ral 
aeiiC,  or  even  the  presene(‘  ol  a  consichaable  amount  of  carbonic 
acid,  spoils  the  stainiiiLt.  Instead  of  distilled  water  a  buffered  .solu¬ 
tion  made  up  as  ydven  in  the  section  on  blood  ( p.  184)  may  be  used. 

/vc.sv/Z/x.-  Xuclei  of  protozoa  brilliant  red;  blood  platelets  blue. 
Xuclei  of  cells  red-violet;  neutroi^hil  yu-anules  red-violet;  basophil 
ttianules  blue  to  blue-violet;  cytoplasm  of  lymphocytes  blue;  azure 
granules  and  er^'throcytes  ]iale  red. 

Alter  considerable  experience  with  Giemsa’s  methods,  S.  B.  Wol- 
bach  suggested  an  excellent  modification  for  Zenker-fixed,  paraffin 
embedded  material  ( p.  195). 


7.  PARASITIC  WORMS 

Ihe  impoitant  means  of  diagnosis  of  infection  with  worms  and 
of  the  kind  of  worm  concerned  are  the  finding  and  identification  of 
the  adult  parasite,  its  larvae  or  ova  in  the  feces,  body  fluids  or 
tissues. 

(1)  Methods  of  Examination  of  Feces 
Direct  Smear  Method  for  Ova  and  Larvae. — A  small  bit  of 
feces  on  the  end  of  a  match  is  thoroughly  mixed  with  a  small  drop 
of  tap  water  on  a  slide.  Place  a  coverslip  gently  on  the  smear,  which 
should  not  be  too  dense,  so  that  the  material  spreads  out.  This 
method  is  of  value  only  for  heavy  infestations. 

Sugar  Solution  Method  for  Concentrating  Ova. _ To  a  small 

amount  of  feces  add  a  sugar  solution  (saccharose,  in  the  form  of 
common  granulated  sugar,  500  gm.,  water  360  cc.,  phenol  1  per 
cent)  m  a  centrifuge  tube,  almost  filling  the  tube.  Cover  the  top  of 
the  tube  and  gently  mix  the  contents.  Centrifuge  at  a  speed  of  1000 
revolutions  for  5  to  6  minutes.  The  heavy  sugar  solution  causes  the 
eggs  to  be  concentrated  at  the  surface  and  they  can  be  removed  by 
a  large  wire  loop  and  placed  on  a  slide,  covered  with  a  coverslip  and 
examined  with  the  microscope. 

Hypertonic  Salt  Solution  Method  for  Concentrating  Ova. _ 

Mix  a  small  amount  of  feces  with  a  concentrated  .solution  of  sodium 
chloride  m  a  proportion  not  e.xceeding  1  part  of  feces  to  20  parts  of 
salt  solution.  Centrifuge  as  for  the  sugar  solution  method  and  ex¬ 
amine  with  the  microscope.  It  may  be  necessary  to  push  coarse 
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lloating  particles  to  the  bottom  of  the  tube  by  means  of  a  disk  of 
No.  0  steel  wool  before  centrifuging. 

Examination  for  Adult  Worms  and  Segments. — Emulsify 
the  feces  with  a  small  amount  of  tap  water  and  pass  through  a  wire 
screen  of  medium  mesh.  Adult  worms  and  segments  can  be  seen 
on  the  screen.  Washed  with  physiological  salt  solution  and  placed 
on  a  slide  they  may  be  examined  with  a  low  power  dissecting 
microscope. 

(2)  Identification  of  Parasites 

a.  PLATYHELMINTHES  OR  FLAT  WORMS 

(a)  Cestodes  or  Tapeworms. — It  is  not  always  easy  to  recog¬ 
nize  the  variety  of  tapeworm  by  a  single  segment  passed  with  the 
feces  because  the  uterus,  which  furnishes  the  most  characteristic 
points  of  difference,  is  not  developed  in  the  young  segments  and  is 
atrophied  in  the  old.  When  the  whole  worm  is  obtained  the  prob¬ 
lem  is  much  simpler.  The  uterus  is  identified  by  squeezing  a  seg¬ 
ment  between  two  slides  and  holding  it  up  to  the  light.  The  heads 
are  examined  under  the  microscope  in  water,  salt  solution  or  glycerin. 

Taenia  Solium. — The  head  has  four  suckers  and  a  circle  of  book¬ 
lets;  the  uterus  is  noticeably  but  little  branched;  and  the  genital 
tract  opens  laterally.  The  eggs  develop  into  the  Cysticcrcus  cel- 
lulosae,  a  larval  form  which  occurs  in  the  pig  and  which  is  not  in¬ 
frequently  found  in  man.  The  scolex  is  obtained  for  examination 
by  tearing  open  the  cyst  and  examining  the  inner  wall.  The  suckers 
and  booklets  are  best  studied  after  mounting  fresh  and  pressing 
under  a  coverslip. 

Taenia  Sag'inata.  -  The  head  has  four  strong  suckers,  but  no 
booklets;  the  uterus  is  very  much  branched;  the  segments  show 
marked  muscular  development;  and  the  genital  tract  opens  laterally. 
The  eggs  develop  into  the  Cysticcrcus  bovis,  a  larval  form  occurring 
in  cattle  but  not  in  man. 

Taenia  Echinococcus. — This  occurs  in  dogs;  in  man  it  produces 
hydatid  cysts  of  the  liver  and  other  organs.  The  echinococcus  cysts 
which  occur  in  man  are  recognized  by  the  very  characteristic 
laminated  structure  of  the  cyst  wall.  The  heads  of  the  scolices  have 
four  suckers  and  a  double  circle  of  booklets. 

Diphyllobothrium  Latum,  d'he  oixming  of  the  genital  tract  lies 
in  the  median  line.  The  head  is  llattened,  and  has  two  small  suckers 
situated  at  the  sides. 
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{/))  Trematodes  or  Flukes.  Of  the  blood  llukes  the  three  that 
occur  in  man  are  Si  his/osoDiinn  iKu  nuifobiuDi ,  Schistosomimt  ntav- 
soui  and  Schistosoinuiu  jn po)iiciini .  d'lie  male  and  female  parasites 
of  these  human  blood  llukes  occur  in  the  venous  system. 

Schistosomum  Haematobium,  d'his  tro|)ical  parasite  is  found 
especially  in  the  veins  of  the  bladder.  'I'he  ova  escape  from  the 
blood  vessels  into  the  bladder  and  cause  violent  intlammation.  The 
process  may  extend  to  the  kidiu'ys.  I'he  e^^gs  which  have  a  terminal 
spine  are  usually  passed  with  tlu'  urine  and  fre(|uently  with  the  feces. 

Schistosomum  Mansoni.  The  habitat  of  this  species  is  similar 
to  that  of  5.  japonic  uni.  The  eggs  have  a  distinct  lateral  spine  and 
are  passed  with  the  feces,  only  rarely  with  the  urine.  The  ova  in¬ 
fect  the  rectum,  causing  a  tyj^c  of  dysentery  and  may  involve  even 
the  atpendix. 

Schistosomum  Japonicum.  This  species  is  present  mostly  in  the 
veins  of  the  large  intestine,  the  hemorrhoidal  plexus  and  the  portal 
system.  The  eggs,  which  are  smaller  than  those  of  the  other  species 
and  have  an  abbreviated  lateral  spine,  are  passed  only  in  the  feces. 
The  liver  and  spleen  become  enlarged  in  cases  of  schistosomiasis 
japonicum,  the  walls  of  the  portal  veins  are  thickened,  and  ulcers 
are  present  in  the  intestine. 

b.  NEMATHELMINTHES  OR  ROUND  WORMS 

(a)  Filaria  Bancrofti.— This  is  the  most  important  of  the 
filarial  worms  as  it  is  the  only  one  known  to  be  pathogenic,  causing 
the  common  manifestations  of  lilariasis  such  as  elephantiasis, 
chyluria  and  so  on.  ft  is  usually  seen  as  a  thread-like  writhing  worm 
which  lives  in  the  lymphatic  system. 

Its  embryos  are  usually  found  in  the  peripheral  blood  stream  at 
night  and  therefore  in  siLspected  cases  a  drop  of  fresh  blood  or 
chylous  or  bloody  urine  is  examined  on  a  slide  with  the  low  power 
of  the  microscope.  The  embryos  are  readily  detected  when  present 
because  of  their  very  active  movements.  Permanent  specimens  can 
be  made  by  fixing  ordinary  coverslip  preparations  of  the  blood  or 
chylous  fluid  by  heat  or  by  use  of  a  saturated  solution  of  corrosive 
sublimate,  and  staining  for  a  few  seconds  with  Loefller’s  methylene 
blue  or  with  a  2  per  cent  aqueous  solution  of  thionin. 

{!>)  Ankylostoma  Duodenale  and  Necator  Americanus. 
These  are  the  two  sjiecies  of  hookworms  that  infect  man.  Their 
eggs  occur  in  the  feces  and  can  be  most  easily  found  by  emulsifying 
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the  feces  in  ecjual  parts  of  glycerin  and  saturated  salt  solution  on  a 
slide.  The  eggs  rise  to  the  surface  and  can  be  identified.  The 
adult  worms  may  at  times  be  found  in  the  feces  after  the  adminis¬ 
tration  of  an  anthelmintic. 

(c)  Trichinella  Spiralis. — This  parasite  is  the  cause  of  trich¬ 
inosis.  No  eggs  are  found  in  the  feces,  but  encysted  trichinae  are 
obtained  from  muscle  tissue.  A  rapid  method  of  diagnosis  is  to 
squeeze  small  bits  of  muscle  tissue  between  two  slides  and  to  ex¬ 
amine  with  the  lower  power  of  the  microscope.  Pieces  of  muscle 
nearest  the  insertion  of  the  tendon  are  chosen  from  the  diaphragm 
or  from  the  muscles  of  the  jaws.  Encapsulated  and  calcified  trich- 
inellae  may  be  cleared  by  means  of  acids. 

Infected  tissues  may  be  fixed  in  10  per  cent  formalin  or  Zenker’s 
fluid  and  stained  with  alum  hematoxylin  and  phloxine.  The  trich- 
inellae  are  studied  in  longitudinal  sections  of  the  muscle  fibers. 

During  the  wandering  stage  of  the  trichinella  embryos  they  may 
be  demonstrated  in  the  circulating  blood.  With  a  syringe  contain¬ 
ing  3  per  cent  acetic  acid,  take  some  blood  from  a  vein  in  the  arm, 
centrifuge,  and  examine  the  sediment  for  larvae.  Always  examine 
the  blood  for  eosinophilia. 


PARK  III.  AUTOPSY  MK'rilODS 


CHAPTER  XVI 


POSTMORTEM  TECHNIQUE 
1.  Virchow’S  Postmortem  Technique 

(1)  INTRODUCTION 

One  of  the  commonest  mistakes  made  in  performing  postmor¬ 
tem  examinations  is  that,  in  studying  the  details  of  the  pathological 
changes  found  in  the  individual  organs,  structures  and  relationships 
which  are  of  importance  in  explaining  the  disease  process  as  a  whole 
are  destroyed.  Regardless  of  the  method  used,  this  danger  can  be 
avoided  to  a  large  extent  if  the  prosector  intelligently  plans  his 
method  of  procedure  after  a  careful  study  of  the  clinical  history  of 
the  case  followed  by  a  painstaking  external  examination  of  the  body 
and  of  the  organs  while  still  in  situ.  Every  autopsy  presents  an  in¬ 
dividual  problem  and  no  standard  technique  will  be  found  entirely 
satisfactory  for  every  case. 

Almost  every  laboratory  has  its  own  individual  autopsy  tech¬ 
nique,  but  most  of  these  are  only  minor  variations  of  one  of  four 
major  types.  The  four  differ  chietly  in  the  methods  used  in  the  re¬ 
moval  of  the  organs  and  in  the  order  in  which  they  are  opened. 

The  first  and  probably  the  oldest  of  these  is  the  procedure 
originally  taught  by  Virchow.  In  this  the  organs  are  removed  one 
by  one  and  dissected  and  examined  as  removed. 

In  the  second,  groups  of  organs  that  are  anatomically  and  func¬ 
tionally  related  are  removed  together  and  dissected  without  disturb¬ 
ing  their  anatomical  relationships.  The  contents  of  the  thorax  com¬ 
pose  one  group;  the  stomach,  duodenum,  liver,  biliary  apparatus, 
pancreas  and  spleen,  another;  the  genito-urinary  organs  with  the 
adrenals,  a  third;  the  intestines  with  mesentery,  a  fourth;  and  the 
central  nervous  .system,  a  fifth.  This  method  was  devised  by  Cdion 
and  not  only  keeps  functional  units  together  but  also  preserves  lymph 
nodes  with  the  organs  which  they  drain. 
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In  the  third  method  the  organs  of  the  chest  and  abdomen  with 
the  diaphragm  are  all  removed  in  one  block.  These  are  then  dis¬ 
sected  in  a  routine  manner  beginning  posteriorly  and  going  an¬ 
teriorly. 

The  fourth  is  that  used  by  Rokitansky  and  published  by  Chiari 
(  1907).  Its  fundamental  principle  is  to  examine  and  open  every 
organ  in  situ  before  removing  it.  This  method,  at  least  in  its  en¬ 
tirety,  is  not  used  to  any  extent  in  this  country. 

In  this  book  the  Virchow  (1893)  technique  will  be  given  in  de¬ 
tail  accompanied  by  a  general  discussion  of  the  problems  asso¬ 
ciated  with  postmortem  examinations  and  then  a  briefer  summary 
of  the  other  techniques  will  be  presented.  A  knowledge  of  all  four 
forms  of  procedure  is  useful.  It  broadens  one’s  i)oint  of  view,  and 
tends  to  keep  one’s  mind  open  to  possibilities.  A  list  of  the  best 
publications  on  postmortem  technique  may  be  found  in  the  bibliog¬ 
raphy  at  the  end  of  the  book. 

The  problem  offered  by  an  autopsy  is  often  solved  in  part  or 
wholly  by  the  macroscopic  postmortem  examination.  More  fre¬ 
quently,  however,  the  complete  and  final  solution  is  reached  only 
after  careful  bacteriological  and  histological  study.  The  post¬ 
mortem  examination  may,  therefore,  be  looked  upon  as  the  begin¬ 
ning  of  the  solution  of  the  problem.  Its  particular  function  is  to 
demonstrate  in  the  individual  case  all  congenital  or  acquired  ab¬ 
normalities,  all  macroscopic  lesions,  and  to  e.xplain  all  gross  me¬ 
chanical  questions.  It  furnishes  the  material  for  bacteriological  and 
histological  study.  Perfectly  to  accomplish  its  purpose  a  post¬ 
mortem  examination  must  be  made  in  a  careful,  systematic  and 
thorough  manner. 

While  a  general  routine  method  of  procedure  is  advisable,  it 
will  often  be  found  advantageous,  or  even  necessary,  to  depart 
from  it.  According  to  Orth  (1900),  the  chief  requisite  of  eveiy 
exact  postmortem  examination  is  this,  that  no  part  shall  be  dis¬ 
placed  from  its  position  until  its  relations  to  the  surrounding  parts 
are  established,  and  that  no  part  shall  be  taken  out  by  whose  re¬ 
moval  the  further  examination  of  other  parts  is  allected. 

In  the  Virchow  technique  the  order  and  method  of  procedure  in 
making  a  postmortem  examination,  including  the  various  incisions, 
may  be  said  to  have  been  planned  for  the  routine  examinations  ot 
normal  or  diffusely  diseased  organs.  .\s  soon  as  a  noticeable  focal 
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lesion  is  present  (he  t)r(ler  of  [)roeefiiir(‘  and  the  customary  metliod 
of  removal  and  of  incision  must  be  so  altered  as  l)est  to  dis|)lay  tlie 
lesion. 

a.  Autopsy  Permissions 

Xo  autopsy  should  be  performed  without  a  written  permission 
signed  by  the  person  who  has  the  right  of  custody  of  the  body. 
'Fhe  laws  concerning  this  differ  somewhat  from  state  to  state,  but 
usually  the  surviving  relative  nearest  of  kinship  is  resiionsible.  In 
cases  in  which  any  medicolegal  problems  are  apt  to  arise,  no  per¬ 
mission  should  be  asked  for  and  no  autopsy  done  until  the  medical 
examiner  in  charge  of  the  district  in  which  the  patient  has  died  has 
been  consulted.  A  more  thorough  discussion  of  this  problem  may 
be  obtained  by  reading  an  article  by  O.  T.  Schultz  (  1930)  entitled 
"The  Law  of  the  Dead  Human  Body.” 

Frequently,  permission  for  only  a  partial  autopsy  is  obtained. 
The  autopsy  is  restricted  to  the  examination  of  the  head,  the  con¬ 
tents  of  the  thorax,  the  abdomen  or  single  organs.  Sometimes  the 
size  or  the  location  of  the  incision  is  restricted.  Permissions  should 
be  examined  carefully  to  see  whether  or  not  such  restrictions  exist. 
From  the  standpoint  of  the  pathologist  such  cases  are  frequently 
very  unsatisfactory,  as  the  partial  examination  is  insufficient  to 
explain  many  features  of  the  disease  process  as  a  whole. 

Much  misunderstanding  between  the  clinician,  the  relatives  and 
the  pathologist  can  be  avoided  if  restrictions  are  carefully  worded. 
The  usual  understanding  is  that,  in  cases  where  only  the  size  and 
location  of  the  incision  are  limited,  it  is  legitimate  for  the  pathol¬ 
ogist  to  remove  and  examine  all  organs  that  he  can  reach  through 
this  incision.  If,  on  the  other  hand,  the  restrictions  read  that  only 
certain  organs  can  be  examined  he  should  limit  his  examination  to 
those  organs. 

Even  in  cases  where  no  restrictions  are  mentioned  it  is  usually 
better  to  limit  the  examination  to  the  organs  of  the  thorax  and 
abdomen,  the  brain  and  spinal  cord.  If  further  e.xamination  is 
indicated  it  should  be  done  only  after  due  consideration,  always 
keeping  the  disfigurement  of  the  body  down  to  a  minimum. 

b.  Instruments 

The  following  instruments  will  be  found  extremely  useful  in  the 
autopsy  room,  although  not  all  of  them  are  necessary. 


Autopsy  Tahir.  I'he  table  (  (> )  should  be  large,  in  order  to 

accommodate  on  it  the  instruments  and  several  dishes  in  addition  to 
the  body.  It  should  have  a  slightly  raised  edge,  and  drainage  toward 
an  opening  in  the  center  of  the  table  should  be  provided  for  the 
escape  of  fluids.  The  autopsy  tables  found  in  different  laboratories 
vary  greatly.  Many  are  made  of  stainless  steel  or  similar  stain  and 
corrosive  resistant  preparations,  some  of  stone  or  porcelain.  Wooden 
tables  lined  with  zinc  or  copper  are  probably  cheapest  and  are  very 
practical.  The  height  of  the  table  is  important.  Thirty-two  to  33 


Fi^'.  6,--.Vutopsy  table  in  use  at  the  Boston  City  Hospital.  A,  Sponge  basin;  B, 
scales;  C,  small  dis.sccting  table;  D,  elevated,  movable  writing  desk. 


inches  (81-84  cm.)  is  a  very  satisfactory  height  which  both  short 
and  tall  prosectors  can  use  with  comfort.  Running  water  should 
be  present  at  the  table.  This  can  be  brought  by  overhead  pipes 
but,  when  practical,  is  best  supplied  by  connections  running  up 
through  the  center  of  the  table.  Both  cold  and  hot  water  should 
be  available,  joining  in  a  mixing  faucet  to  which  a  rubber  hose  can 
be  attached.  A  6  to  8  inch  ( 15-20  cm.)  piece  of  metal  pipe  can  be 
attached  to  the  free  end  of  the  hose  and  should  be  of  sufflcient 
weight  to  hold  the  hose  in  i)osition  when  it  is  put  in  the  .sponge 
basin. 
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Spoin^r  l^asiii.  A  rectangular  or  oval  coi)pt'r  or  zinc  basin  with 
a  llat  bottom  measurin'^;  about  9  inches  (2a  cm.)  in  height,  1  .s 
inches  (38  cm.)  in  length  and  8  inches  (20  cm.)  in  width  with  a 
row  of  perlorations  on  one  side  about  three  (juarters  of  an  inch 
(2  cm.)  below  the  upper  edge  so  as  to  allow  the  overtlow  to  escap(‘. 

I)issc('fiii<^  Table.-  \  small  table  about  12  inches  (30  cm.)  in 
height  with  a  tofi  measuring  about  20  by  24  inches  (51  by  61  cm.) 
is  a  great  convenience  for  dissection  of  organs.  It  should  be  su])- 
ported  by  legs  so  that  it  can  be  put  over  the  feet  of  the  cadaver. 
It  should  also  have  a  half  inch  (1.3  cm.)  rim  to  prevent  dripping 
of  fluid.  A  removable  cork  top  for  this  table  is  practical  and  saves 
the  edge  of  the  section  knives. 

Scales. — It  is  impossible  to  obtain  a  single  scale  sufficiently 
delicate  for  small  structures  such  as  the  pituitary  and  parathyroid 
glands  and  large  enough  for  the  liver,  large  tumor  masses  or  the 
whole  body.  The  ideal  combination  is  (  1 )  a  platform  scale  of  a 
capacity  to  weigh  whole  bodies,  /.  c.,  10  to  100  kg.;  (2)  a  balance 
accurate  between  100  gm.  and  10  kg.;  (3)  a  balance  with  weights 
accurate  between  0.2  gm.  and  100  gm.  A  direct  reading  balance 
is  of  great  convenience  for  the  medium  sized'scale.  All  scales  should 
be  graduated  in  the  metric  system. 

Culling  Inslrnnicnls. — The  best  autopsy  knife  is  a  stout,  broad- 
bladed  knife  with  bellied  edge  and  heavy  handle.  The  blade  should 
measure  about  12  cm.  in  length  and  3  cm.  in  width;  the  handle 
should  be  12  cm.  in  length.  Many  operators  prefer  a  somewhat 
smaller  knife  than  this. 

Amputating  knives  of  different  sizes  are  useful  for  long,  deep 
cuts  into  organs  and  tumors. 

-A  myelotome  consists  of  a  short,  thin,  narrow  knife  blade,  1.4 
cm.  long  and  4  mm.  wide,  set  obliquely  on  a  slender  steel  stalk 
ending  in  a  wooden  handle.  It  is  used  only  for  cutting  the  cord 
squarely  across  while  removing  the  brain. 

Cartilage  knives  and  scali)els  of  different  sizes  are  useful  for 
a  variety  of  purposes.  I  he  modern  surgical  knife  with  changeable 
blade  is  very  convenient. 

Scissors,  both  straight  and  curved,  should  be  of  various  sizes, 
medium  sized  and  a  fine  [lair  should  each  have  one  [n'obe-pointed 
blade. 

.\n  enteiotome  is  a  long,  straight  pair  of  scissors,  of  which  one 
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blade  is  longer  than  the  other  and  blunt  at  the  extremity.  A  hook 
at  the  end  is  not  advisable.  The  instrument  is  used  in  opening  the 
intestines  and  the  heart. 

A  saw  with  movable  back  and  rounded  end  will  be  found  the 
most  generally  useful  for  opening  the  skull  and  the  spinal  canal.  An 
ordinary  meat  saw  is  preferred  by  some,  but  cannot  be  used  on  the 
vertebrae. 

Luer’s  double  rachiotome,  or  adjustable  double  saw,  is  very  use¬ 
ful  in  removing  the  cord,  and  is  the  safest  instrument  to  put  into 
the  hands  of  beginners. 

A  costotome,  heavy  bone  shears,  is  employed  for  cutting  the  ribs. 

A  powerful  bone  cutler,  with  short  blades  5  cm.  long,  set  at  an 
angle  of  about  45°  to  the  handles,  which  are  36  cm.  in  length,  is 
employed  for  dividing  the  arches  of  the  cervical  vertebrae  and  for 
other  purposes  for  which  ordinary  bone  cutters  cannot  be  used. 

An  electric  band  saw  for  splitting  bones  that  have  been  removed 
is  very  useful.  It  is  a  dangerous  instrument  in  the  hands  of  a  be¬ 
ginner  and  should  be  used  with  the  greatest  care.  It  is  safer  to  saw 
fixed  rather  than  fresh  material. 

Other  Instruments. — Forceps  should  be  of  several  sizes,  large  and 
small,  mouse-toothed  and  smooth. 

A  chisel  with  a  2  cm.  cutting  edge  is  used  for  exposing  the 
marrow  of  the  long  bones,  removing  portions  of  the  base  of  the 
skull  and  so  on. 

A  hatchet-chisel  of  steel  is  helpful  in  removing  the  calvarium 
and  the  spinous  processes  of  the  vertebrae  after  sawing  the  skull 
and  the  vertebral  column. 

Soft  iron  hammer  with  wooden  handle. 

Steel  hammer  with  wedge  end  and  blunt  hook  on  the  handle. 

Holder  for  the  head  during  the  sawing  of  the  skull. 

Probes  of  flexible  metal  as  well  as  fine  glass  probes  for  small 
blood  vessels  or  ducts. 

Catheters. 

Pans  for  holding  water,  organs,  and  so  on. 

Sponges. 

Glass  graduates  for  measuring  lluids. 

.Although  not  necessary  some  sort  of  suction  apparatus  for  the 
removal  of  body  lluids  is  very  useful.  .\n  electric  suction  pump, 
leading  through  first  one  bottle  to  act  as  a  trap,  and  then  to  an- 
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otluM'  larger  bolllo  (1-2  liters’  capacity)  with  graduations  marked 
in  its  side,  and  finally  by  a  rubber  tube  to  the  body  itself,  is  very 
satislactory.  'I'he  whole  apixiratus  is  best  mounted  on  a  small 
movable  table. 

small  cup  or  dish  for  removing  Iluid  from  cavities. 

.\  searing  apixiratus  for  cultures.  In  order  to  |)revent  con¬ 
tamination  of  the  cultures  taken  from  organs,  the  external  surface 
should  be  seared  with  some  hot  object  and  the  culture  taken  by 
puncturing  through  this  seared  tirea  into  the  organ  itself.  The 
simplest  apparatus  for  this,  when  illuminating  gas  is  available,  is 
a  Bunsen  burner,  an  old  autopsy  knife  or  a  soldering  iron,  and  a 
ring  stand  of  such  height  that  the  object  to  be  heated  can  be  rested 
on  it  and  be  exposed  to  the  ilame  of  the  burner.  An  electric  solder¬ 
ing  iron  is  also  a  very  good  instrument  for  this  purj^ose. 

.\utopsy  needles,  long  and  slightly  curved. 

-Autopsy  twine  for  sewing  up  the  body. 

c.  General  Rules 

The  autopsy  room  ( Fig.  7 )  should  be  well  lighted,  otherwise 
the  tmer  changes  in  the  tissues  cannot  be  recognized.  As  it  is  neces¬ 
sary  to  use  artificial  light  in  many  instances,  a  good  source  of  arti¬ 
ficial  illumination  .should  be  available.  Three  overhead  lights  dis¬ 
tributed  6  to  10  feet  above  the  body  and  focused  on  it  are  very 
satisfactory.  An  adjustable  and  movable  floor  lamp  is  convenient 
in  order  to  be  able  to  throw  light  into  the  various  cavities. 

Before  beginning  an  autopsy  the  necessary  instruments  should 
be  arranged  on  a  short  board  or  dissecting  table  on  the  autopsy 
table  in  the  order  in  which  they  are  most  likely  to  be  used. 

I  he  operator  stands  on  the  right  side  of  the  body.  This  posi¬ 
tion  he  rarely  leaves  except  for  some  definite  purpose;  for  example, 
in  opening  the  skull  he  stands  at  the  head. 

Order  and  cleanliness  are  the  tirst  points  to  be  insisted  upon  at 
every  autopsy,  ('lean  water  .should  always  be  at  hand  for  washing 
the  instruments  and  for  keeping  the  hands  free  from  blood  and  pus. 
The  cut  surface  (jf  an  organ  .should  not  be  washed  with  water  ex¬ 
cept  to  remove  blood:  gently  scrape  the  surface  with  the  knife  held 
obliquely. 

In  cutting,  the  knife  should  be  drawn,  not  pressed  or  shoved  into 
the  tissues.  .According  to  Virchow,  a  broad,  clean  cut  into  an  or- 
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Kan,  evcMi  if  incorrectly  made,  is  much  I^etter  than  seva'ral  sliort 
cuts  which  leave  a  rag^t'd  surface. 

The  autopsy  knife  should  be  yra.sped  in  the  hand  as  if  to  cut 
Ijread.  In  usiiiK  this  knife  tlie  main  movement  shoulfl  be  from  the 
shoulder,  not  from  the  wrist  as  in  dissecting.  It  without  say¬ 
ing  that  the  sliarper  the  knife  the  better. 

In  cutting  the  brain  and  cord,  especially  if  their  consistence  is 
soft,  moisten  the  knife  to  prevent  the  tissue  from  sticking  and 
tearing. 


Fig.  7.--\’ie\v  of  Ihc  autopsy  room  at  the  Boston  City  Hospital. 


Before  beginning  an  autopsy  it  is  important  to  know  the  main 
points  in  the  clinical  history  of  the  case,  as  they  may  greatly  lighten 
the  work  of  investigation  by  calling  attention  to  those  organs  that 
require  special  examination. 

The  record  of  an  autopsy  should  preferably  be  dictated  by  the 
operator  as  he  proceeds  with  the  examination  of  the  body,  and 
should  be  as  nearly  as  possible  an  objective  description  of  the 
apjiearances  found.  Only  the  anatomical  diagnoses  should  express 
the  opinion  of  the  oiK'rator.  If  it  is  not  convenient  to  dictate  the 
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auloi)>y  (luring  its  [UM'I'ormanco,  a  (l(‘scrii)(i()n  of  the  lesions  r(‘r- 
(ainly  ought  to  l)e  made  with  the  organs  in  siglit,  and  not  from 
memory  after  the  lapse  of  hours  or  even  days,  when  many  of  the 
(h'tails  may  he  forgotten.  Later,  the  results  of  the  bacteriological 
and  histological  examinations  should  be  added  to  the  atitoi).sy  re¬ 
port,  to  make  the  record  complete. 

Rubber  glo\-t‘s  similar  to  those  used  by  surgeons  should  be  worn 
whenever  a  iiostmortem  examination  is  made.  For  an  ordinary  un¬ 
restricted  examination  the  usual  short  gloves  are  stifficient,  but  when 
in  a  restricted  case  the  arm  must  reach  into  distant  cavities  through 
a  small  incision,  long  obstetrical  gloves  should  be  worn.  Many 
pathologists  prefer  to  wear  thin  cotton  gloves  over  their  rubber 
gloves  in  order  to  be  able  to  grasj)  slippery  tissues  more  firmly.  If 
a  glove  is  torn  or  cut  it  should  be  removed,  the  hands  thoroughly 
washed  and  a  new  glove  put  on  before  continuing  the  autopsy. 

After  an  autopsy  the  operator  should  scrub  his  hands  thor¬ 
oughly  with  soap  and  a  brush,  just  as  a  surgeon  does  before  an 
operation,  and  then  use,  if  he  so  desires,  an  antiseptic  solution,  such 
as  corrosive  sublimate  (1:2000)  or  70  per  cent  alcohol.  For  re¬ 
moving  odors  from  the  hands,  turpentine  will  often  be  found  ser¬ 
viceable,  or  a  Yi  per  cent  aqueous  solution  of  potassium  perman¬ 
ganate  followed  by  5  per  cent  aqueous  oxalic  acid.  Autopsy 
infections  are  easier  to  prevent  than  to  cure.  They  are  also  poten¬ 
tially  dangerous.  A  cut  received  during  an  autopsy  should  im¬ 
mediately  be  washed  thoroughly  and  an  antisejitic,  such  as  iodine, 
applied.  If  the  cut  is  small  cover  it  with  a  finger  cot  and  glove; 
if  it  is  extensive  it  is  much  safer  to  let  someone  else  finish  the 
autopsy.  A  bottle  with  a  20  per  cent  argyrol  solution  should  be 
kept  available  in  every  laboratory,  together  with  a  medicine  dropper. 
If  infected  material  splashes  in  the  eyes  a  drop  of  this  should  be 
instilled  in  the  conjunctival  sac. 

To  prevent  infections  of  slight  wounds,  such  as  scratches,  or 
such  as  occur  in  hair  follicles,  the  best  treatment  within  the  first 
24  hours  is  to  bore  into  them  with  a  sharp  iiointed  orange-wood 
stick  dipped  in  strong  carbolic  acid,  follow'd!  by  waishing  with  9.S 
per  cent  alcohol.  I  he  procedure  is  practically  painless,  and  the 
infection  is  stopjied  in  the  very  beginning.  Where  the  infection  has 
s[n-ead,  surgical  treatment  must  be  resorted  to. 
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d.  Suggestions  to  Beginners 

In  a  case  of  generalized  miliary  tuberculosis  the  older  focus 
from  which  the  organisms  have  spread  must  always  be  sought  for. 
Look  especially  for  tuberculous  thrombi  in  the  pulmonary  veins  and 
for  tuberculous  involvement  of  the  thoracic  duct  as  a  frequent 
source  of  the  general  infection. 

In  a  case  of  embolism  search  for  the  thrombus,  bearing  in  mind, 
however,  that  an  entire  thrombus  may  become  free  and  form  an 
embolus.  An  arterial  embolus  may  be  due  to  a  venous  thrombus, 
in  which  case  it  must  have  passed  through  an  open  foramen  ovale, 
except  in  cases  of  thrombosis  of  the  pulmonary  veins. 

In  acute  peritonitis  always  seek  for  a  source  of  infection  (ap¬ 
pendix,  female  genitals,  gastro-intestinal  tract).  It  cannot  always 
be  found. 

In  hemorrhage  from  the  stomach  associated  with  cirrhosis  of 
the  liver  look  for  rupture  of  dilated  esophageal  veins. 

In  cases  of  more  or  less  sudden  death,  especially  if  preceded  by 
signs  of  asphyxia,  always  examine  the  pulmonary  artery  in  situ  for 
possible  emboli.  In  cases  of  instantaneous  death  examine  the  coro¬ 
nary  arteries. 

The  following  general  rules  should  be  kept  in  mind  by  the  in¬ 
experienced; 

1.  Never  start  an  autopsy  in  a  hospital  or  elsewhere  until  you 
have  seen  the  written  permission. 

2.  The  autopsies  are  for  both  the  clinicians  and  the  pathol¬ 
ogists.  It  is  not  fair  to  keep  clinicians  waiting  while  a  slow  tech¬ 
nique  is  followed  out.  Find  out  what  they  are  interested  in  and  show 
them  this  as  soon  as  possible.  This  usually  can  be  done  without 
spoiling  relationships  for  the  pathologists. 

3.  It  is  often  difficult  to  obtain  autopsies  because  of  the  objec¬ 
tions  of  the  undertakers.  Therefore,  every  attempt  should  be  made 
to  cooperate  with  them  and  the  body  should  not  be  unnecessarily 
disfigured.  The  most  important  thing  from  the  standpoint  of  the 
undertaker  is  that  the  circulation  to  the  head  and  extremities  is  not 
damaged.  In  these  regions  any  vessels  cut  should  be  tied  in  such 
a  way  as  to  permit  embalming. 

4.  If  you  are  in  doubt  about  any  procedure,  do  not  hesitate  to 
call  for  advice. 

5.  .Autopsies  can  be  done  neatly  if  care  is  taken.  Sloppiness 
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makes  a  had  imi)ressioii  on  onlookers  and  visitors.  I'lierelOre  keej) 
the  body  and  yourself  clean.  If  accidents  occur,  chanjj;e  your  apron. 

6.  W'lien  si^ns  of  inllammation  are  found,  make  both  a  culture 
and  a  smear  from  the  involved  area,  d'he  culture  may  be  badly 
contaminated  but  the  predominant  organism  can  often  be  deter¬ 
mined  from  the  smear. 

7.  Once  the  autopsy  is  completed  and  the  body  has  been  re¬ 
moved.  you  can  never  go  back  and  do  the  things  you  have  for¬ 
gotten  to  do.  'rherelore,  try  to  think  of  everything  im|)ortant  while 
>011  are  doing  the  autopsy. 

S.  On  interesting  or  unusual  cases,  gross  material  should  be 
saved  for  conferences  and  teaching.  A  specimen  can  be  completely 
s[)oiled  tor  this  purpose  by  one  careless  cut.  In  such  cases,  altera¬ 
tions  in  the  usual  technique  may  be  necessary.  Do  not  spoil  a 
good  gross  specimen  for  the  sake  of  histology.  Usually  a  suitable 
compromise  can  be  reached.  In  such  cases  ask  for  advice. 

e.  Private  Autopsies 

Private  autopsies  must  often  be  made  under  many  difficulties 
and,  when  out  of  town,  not  infrequently  in  a  short  space  of  time. 
It  is  always  important  to  warn  the  attending  physician  not  to  allow 
the  undertaker  to  inject  the  body  before  the  autopsy,  because  the 
color  and  consistence  of  the  organs  are  so  changed  by  most  inject¬ 
ing  Iluids  that  it  is  difficult  to  recognize  the  pathological  processes. 
If  there  is  danger  of  postmortem  changes,  have  the  body  packed 
in  ice. 

-A  bag  equipped  for  postmortem  examinations  will  be  found  very 
convenient  for  carrying  instruments  to  private  autopsies.  The  in¬ 
strument  case  should  contain  1  or  2  autopsy  knives,  2  scalpels,  a 
pair  of  forceps,  1  or  2  pairs  of  scissors,  an  enterotome,  a  steel 
hammer  with  wedge-end  and  blunt  hook  on  the  handle,  a  small 
chisel,  a  saw  with  detachable  handle  and  back,  a  celluloid  ruler,  an 
autopsy  needle  and  a  probe;  free  within  the  bag  should  be  carried 
a  spool  oi  strong  twine,  a  costotome,  a  long  slender  knife  for  use 
in  removing  the  brain,  a  hammer  with  soft  iron  head  and  a  s[)onge. 
In  rare  cases  additional  instruments  may  be  re(|uir('d.  A  spring 
scale  reading  u|)  to  2  kg.  is  convenient  but  .somewhat  bulky.  It  is 
also  well  to  carry  along  several  plates  and  tubes  of  culture  media 
and  sterile  swabs  for  bacteriological  examination.  An  alcohol  lamp 
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with  an  old  autopsy  knife  for  searinu;,  or  belter,  a  small  electric 
soldering  iron,  should  be  taken,  bottles  containing  fixative  for 
tissue  must  be  included.  For  fixation  take  2  one-half  pint  jars,  one 
containing  Zenker’s  Iluid,  the  other  10  per  cent  formalin. 

At  the  house  can  always  be  obtained  a  slop-pail,  a  wash-bowl, 
a  pitcher  of  water,  several  newspapers  and  an  old  sheet.  The  body 
is  usually  on  an  undertaker’s  frame,  but  it  may  be  on  the  bed.  The 
examination  of  the  chest  and  abdomen  can  be  made  in  either  of 
these  positions.  On  the  thighs  of  the  body  place  one  or  two  folded 
newspapers,  and  on  these  the  necessary  instruments.  On  the  legs 
place  the  bowl  containing  a  dampened  sponge.  If  the  undertaker 
has  not  put  a  rubber  sheet  on  the  door  beneath  the  body  and  on 
the  side  where  the  operator  is  to  stand,  newspapers  should  be  spread 
to  protect  the  floor.  Place  the  slop-pail  on  the  rubber  sheet  within 
convenient  reach.  Having  thus  made  all  arrangements,  even  to  the 
threading  of  his  needle,  the  operator  is  ready  to  begin. 

If  the  cord  and  brain  have  to  be  examined  as  well  as  the  body, 
it  is  best  to  do  the  cord  first,  so  as  to  avoid  the  leakage  that  might 
otherwise  occur  from  the  trunk  cavities  if  they  have  been  opened 
first.  To  support  the  head  while  opening  it  use  a  stick  of  wood, 
a  brick,  or,  in  case  of  necessity,  the  instrument  box  wrapped  in  a 
newspaper. 

At  a  private  autopsy  cleanliness  is  extremely  important.  If 
there  is  no  undertaker  or  nurse  present,  the  operator  himself  must 
see  that  everything  is  cleaned  and  put  in  order  before  leaving,  that 
all  the  blood  stains  are  removed  from  the  dishes,  and  that  all  papers 
and  soiled  clothes  are  burned  or  rolled  up  and  left  in  a  neat  bundle 
for  the  undertaker  to  dispose  of. 

(2)  EXTERNAL  EXAMINATION  OF  THE  BODY 

External  examination  is  often  of  great  importance,  especially  in 
medicolegal  autopsies,  and  should  never  be  neglected,  as  it  may 
throw  light  on  lesions  found  within  the  body.  It  should  be  sys¬ 
tematic  and  careful,  and  is  best  taken  up  in  the  following  order: 

a.  Inspection  of  the  Body  as  a  Whole 

Sex. 

Age. 

The  body  length  should  be  measured  on  the  table  beside  the 
body  from  the  vertex  of  the  head  to  the  heel  of  the  foot. 


I’OSTMOR  ri'.M  I'KClIXKU’l'; 


317 

'riie  (levcIoimuMU  of  tho  skelolon  has  rcfeirncc'  (o  the  bony 
IraiiH'work.  which  may  l)c'  powerful,  slender  or  deformed. 

I  he  general  nutrition  is  shown  by  the  amount  of  subcutaiu'ous 
fat  tissue  and  mu.scular  develo|)ment.  d'he  former  is  judged  by 
[)inching  up  folds  of  skin. 

rile  general  condition  ol  the  skin  is  examined  for  amount  of 
elasticity,  bronzing,  jaundice,  edema  and  decubitus. 

Postmortem  discolorations  may  be  divided  into  three  varieties; 

1.  Hypostasis  of  blood,  or  the  settlitig  of  blood  into  the  lowest 
King  blood  vessels;  this  form  of  discoloration  disappears  on 
pressure. 

2.  Diifusion  of  blood-coloring  matter  out  of  the  vessels  into  the 
surrounding  tissues  (due  to  blood  pigment  being  set  free  by  post- 
mot  tern  decomposition);  this  does  not  disajipear  on  pressure. 

3.  Greenish  discoloration,  usually  seen  earliest  over  the  abdo¬ 
men,  is  due  to  iron  sultide  formed  through  decomposition  of  the 
tissues.  This  discoloration  is  important,  as  it  may  modify  the  in¬ 
terpretation  of  appearances  observed  in  the  internal  organs. 

Postmortem  rigidity  is  observed  as  to  degree  and  extent.  It 
begins  in  the  maxillary  muscles  and  spreads  gradually  from  above 
downward,  disappearing  later  in  the  same  order.  It  is  most  marked, 
and  lasts  longest,  in  muscular  individuals  who  have  been  ill  but  a 
short  time.  Cholera  furnishes  the  most  marked  cases.  The  rigor 
disappears  quickest  in  cachectic  diseases.  When  once  it  has  been 
forcibly  overcome,  it  does  not  recur.  The  time  at  which  it  begins 
after  death  varies  greatly,  from  10  minutes  to  7  hours. 

b.  Special  Inspection  of  the  Different  Parts  of  the  Body 

The  examination  should  begin  with  the  head.  Any  lesion  or  ab¬ 
normality  found  should  be  carefully  noted.  Particular  attention 
should  be  paid  to  the  condition  of  the  pupils  and  to  the  color  of  the 
sclerae.  Then  ob.serve  in  order  the  neck,  the  thorax  (size  and 
shape),  the  abdomen  (distended  or  retracted),  the  genitals  and  the 
extremities. 

(3)  INTERNAL  EXAMINATION  OF  THE  BODY 

The  opening  of  the  body  cavities  is  described  lirsi,  becau.se  the 
brain  is  le.ss  frequently  the  seat  of  disease,  and  because  in  this 
country  it  is  often  impossible  to  obtain  permission  to  open  the  head. 
Moreover,  the  lesions  in  the  body  often  throw  much  light  on  tho.se 
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to  be  expected  in  the  brain.  The  advantage  of  examining  the  brain 
first,  particularly  in  those  cases  in  which  the  important  lesions  are 
cerebral,  is  said  to  be  that  the  amount  of  blood  in  the  cerebral  ves¬ 
sels  can  be  more  accurately  determined.  After  the  heart  has  been 
removed  some  of  the  blood  in  the  brain  may  escape  through  the 
severed  vessels  below. 

In  routine  examinations,  however,  the  body  is  usually  examined 
first,  then  the  brain,  and  finally  the  cord.  It  is  not  a  bad  practice 
to  remove  the  calvarium,  to  examine  the  meninges  over  the  upper 
surface  of  the  cerebrum,  and  then  to  make  the  examination  of  the 
body  before  removing  the  brain.  In  this  way  any  change  in  the 
blood  supply  of  the  cerebral  vessels  will  be  observed. 

a.  Opening  of  the  Abdominal  and  Thoracic  Cavities  and  Inspection  of 

THE  Organs  in  Situ 

(a)  Opening  oj  the  Abdominal  Cavity. — In  the  examination  of 
the  body  the  peritoneal  cavity  is  opened  first,  the  two  pleural  cav¬ 
ities  next,  and  the  pericardial  cavity  last.  The  cavities  and  their 
contents  are  inspected  in  the  order  and  at  the  time  that  each  is 
opened,  but  the  organs  are  removed  from  the  cavities  for  further 
examination  in  the  reverse  order,  beginning  with  the  heart. 

A  Y-shaped  incision  is  probably  the  most  satisfactory  and  prac¬ 
tical  type  of  primary  incision  to  make  in  all  unrestricted  autopsies, 
both  male  and  female.  The  incision  is  started  at  the  left  acromion 
process,  passes  just  medial  to  the  breast  and  is  continued  to  a  point 
in  the  midline  over  the  lower  end  of  the  sternum.  At  this  point  it 
is  met  by  a  similar  incision  from  the  right  acromion  process  and  is 
then  continued  down  the  midline  of  the  abdomen  passing  just  to 
the  left  of  the  umbilicus  and  extending  to  the  symphysis  pubis.  In 
cutting,  the  handle  of  the  knife  is  depressed  so  as  to  use  the  belly 
of  the  blade  rather  than  the  point.  Over  the  sternum  the  cut  should 
extend  down  to  the  bone;  over  the  abdomen,  however,  only  into  the 
muscles,  or  in  fat  people  through  the  muscles  into  the  fat  tissue. 
To  open  the  abdominal  cavity,  nick  carefully  through  the  perito¬ 
neum  in  the  lower  third  of  the  abdomen,  introduce  the  first  and 
second  fingers  of  the  left  hand  and,  while  making  strong  upward 
and  outward  traction  on  the  right  abdominal  flap,  extend  the  inci¬ 
sion  down  to  the  pubis  and  up  to  the  xiphoid.  Some  operators  pie- 
fer  to  separate  the  fingers  and  to  cut  between  them. 
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1  ho  alxloniinal  Haps  aro  roiulorod  much  loss  tonso  by  cutting  the 
pyramidalos  and  rocti  musclos  transversely  from  below  just  above 
the  pubis.  C  are  must  be  taken  not  to  injure  the  overlying  skin. 
1  he  abdominal  ca\  ity  can  now  be  examined,  but  more  space  will 
be  obtained  if  the  skin  and  the  underlying  muscles  are  first  stripped 
back  trom  the  thora.x  to  about  5  cm.  lateral  to  the  costochondral 
line. 

The  operation  is  most  easily  and  neatly  done  by  lifting  the  skin 
directly  away  from  the  chest  wall  or  turning  it  forcibly  out  with  the 
lelt  hand,  and  then  cutting  the  tense  tissue  close  to  the  cartilages 
and  ribs  with  long  sweeps  of  the  knife  held  almost  tlat.  The  opera¬ 
tion  begins  over  the  lower  border  of  the  ribs  and  extends  upward. 
In  dissecting  off  the  skin  and  muscles  from  the  left  side,  the  right 
hand  works  underneath  the  left. 

Xext,  the  “V”  flap  is  also  dissected  up  as  far  as  the  clavicles  or 
up  into  the  neck  if  e.xamination  of  the  neck  organs  is  to  be  made, 
(jreat  care  should  be  taken  not  to  nick  through  the  skin.  The 
mammae  can  easily  be  incised  from  the  under  side  of  the  flap,  and 
if  necessary  the  axillary  lymph  nodes  can  be  reached  by  dissecting 
the  skin  farther  out,  especially  over  the  clavicle.  Before  beginning 
the  inspection  of  the  peritoneal  cavity  it  is  important  to  examine 
first  the  surface  of  the  incision  into  the  abdomen,  noting  the  thick¬ 
ness  and  color  of  the  fat  tissue  and  the  condition  of  the  muscles. 

(b)  Inspection  of  the  Abdoniineil  Covity. — The  character  of 
any  fluid  present  should  be  determined  and  its  amount  measured  or 
estimated.  The  simplest  way  to  remove  it  is  to  dip  it  up  with  a 
small  cup  or  dish  and  pour  it  into  a  glass  graduate  for  inspection 
and  measurement.  If  the  presence  of  gas  within  the  peritoneal  cav¬ 
ity  is  suspected,  form  a  small  pocket  in  the  primary  incision  ( under¬ 
cutting  the  skin  a  little  if  necessary)  and  fill  it  with  water. 
Puncture  through  the  water  into  the  peritoneal  cavity  and  the  gas, 
if  present,  will  escape  in  bubbles. 

The  various  abdominal  organs  and  their  relations  to  each  other 
should  be  investigated  in  situ  by  sight  and  by  touch.  As  a  rule, 
examine  first  the  gastro-intestinal  tract,  including  the  appendix  and’ 
the  mesenteric  lymph  nodes.  Ulcerations  of  the  intestine  can  often 
readily  be  made  out  through  the  walls.  The  examination  of  the 
spleen,  liver,  kidneys  and  pelvic  organs  follows.  The  pancreas  is 
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('usily  reached  by  tearing  ihroiiu;]!  ihe  omentum  between  the  stom¬ 
ach  and  the  colon,  so  as  to  open  the  lesser  |)eritoneal  cavity. 

.Xl'ter  the*  inspection  of  the  abdominal  organs  the  i)osition  of  the 
iliaphragm  is  ascertained  on  both  sides  in  the  costochondral  line  by 
reaching  with  the  right  hand,  passed  palm  upward,  underneath  the 
ribs,  and  the  left  hand  outside  at  the  corresponding  height  to  mark 
the  position  of  the  ribs  or  intercostal  spaces.  On  the  right  side  the 
hand  is  passed  up  on  the  outside  of  the  falciform  ligament.  Nor¬ 
mally,  the  diaphragm  stands  at  the  fifth  rib  on  the  left  side,  and 
at  the  fourth  rib  or  fourth  interspace  on  the  right. 

(r)  Opening  of  the  Thorax. — To  open  the  thorax,  cut  through 
the  costal  cartilages  at  a  distance  of  5  mm.  from  their  junction  with 
the  ribs,  beginning  at  the  second  cartilage  and  holding  the  scalpel 
nearly  horizontal,  so  that  as  one  cartilage  is  cut  through  the  handle 
of  the  scalpel  will  strike  the  next  below  and  prevent  the  blade  from 
penetrating  too  far  and  injuring  the  lung.  In  young  people  the 
cartilage  can  be  cut  easily  by  one  long  stroke  on  each  side,  but  care 
must  be  taken  not  to  go  too  deep.  If  the  intercostal  muscles  are 
not  divided  by  the  same  operation,  the  sternum  can  be  depressed 
by  the  left  hand  and  the  muscles  severed  by  one  pass  of  the  knife 
on  each  side.  The  lower  end  of  the  sternum  can  now  be  elevated 
and  freed  from  below  upward  from  the  diaphragm  and  pericardium 
until  the  first  rib  is  reached.  The  first  rib  is  cut  about  1  cm.  farther 
out  than  the  others,  and  from  below  upward  toward  the  clavicle, 
with  the  handle  of  the  knife  directed  upward  and  a  little  outward. 
The  sternum  is  then  still  further  freed  from  the  anterior  medias¬ 
tinal  connective  tissue  until  its  upper  end  is  reached.  The  sterno¬ 
clavicular  joint  on  the  left  side  can  now  be  easily  opened  from  below 
by  entering  a  scalpel  just  above  the  cartilage  of  the  first  rib.  and 
following  the  irregular  line  of  the  joint  around  the  end  of  the  clav¬ 
icle,  while  at  the  same  time  drawing  the  sternum  over  to  the  right 
side  of  the  body.  The  right  sternoclavicular  articulation  is  opened 
by  continuing  the  incision  of  the  scalpel  over  the  upper  end  of  the 
sternum  into  the  joint.  The  advantage  of  this  method  is  that  there 
is  much  less  danger  of  wounding  the  large  vessels  at  the  base  of 
the  neck,  and  thus  of  mingling  blood  with  any  exudate  which  may 
happen  to  be  present  in  the  |)leural  cavities.  If  preferred,  however, 
the  articulations  can  be  oiiened  and  the  cartilages  of  the  first  ribs 
cut  from  above  before  freeing  the  sternum  from  the  diaiihragm. 
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In  this  casn  ('iilor  a  sliort,  shaij),  nanow-bladcd  scali)el  ludd  ver¬ 
tically  and  loosely  into  the  lelt  joint  on  its  upper  side,  startinj^  the 
incision  just  outside  of  the  attachment  of  the  sternal  end  of  the 
sternomastoid  muscle,  and  cutting  around  the  end  of  the  clavicle 
by  a  series  of  short  u|)-and-dovvn  strokes,  allowing  the  blade  to 
follow  the  irregular  line  of  the  joint.  After  cutting  through  the 
joint  continue  the  incision  outward  and  cut  through  the  cartilage 
of  the  first  rib. 

Il  the  cartilages  are  calcified,  use  the  costotome  and  cut  through 
the  ribs,  as  more  room  can  be  gained  in  this  way  and  the  ribs  are 
moie  easil\  cut  than  the  calcified  cartilages.  Xhe  sternoclavicular 
joint  can  also  be  disarticulated  by  cutting  with  the  costotome.  Il 
the  autopsy  restrictions  allow  only  an  abdominal  incision,  the  organs 
of  the  thorax  can  be  obtained  by  removing  them  from  below.  The 
diaphragm  is  first  freed  by  cutting  its  attachments  to  the  ribs.  Then 
by  blunt  dissection  with  the  fingers  of  the  right  hand  the  aorta  and 
mediastinal  contents  are  freed  from  the  vertebral  column,  \\dieri 
this  is  complete,  the  arch  of  the  aorta  and  the  great  vessels  are  lo¬ 
cated  by  palpation  and  the  contents  of  the  thorax  put  under  traction 
by  pulling  with  the  left  hand  while  the  great  vessels  are  severed  just 
at  their  origin  from  the  aortic  arch.  Now  the  whole  contents  of  the 
thoracic  cavity  can  be  pulled  down  into  the  abdomen.  The  sternum 
should  be  inspected  at  the  time  of  its  removal.  It  is  perhaps  best 
to  examine  next,  especially  in  children,  the  epiphyses  of  the  ribs 
at  the  costochondral  line  for  any  evidence  of  thickening. 

{(1)  Inspection  oj  the  Thoracic  Contents. — In  the  pleural  cav¬ 
ities,  as  in  the  peritoneal  cavity,  the  character  and  amount  of  any 
abnormal  contents  must  be  determined.  If,  from  the  clinical  hls- 
fijry  or  for  any  other  reason,  the  presence  of  air  in  a  pleural  cavity 
is  suspected,  a  pocket  should  be  formed  over  the  ribs  by  aid  of  the 
bkin-fiap  and  filled  with  water.  The  pleural  cavity  is  then  pierced 
with  a  scalpel  through  the  bottom  of  the  pocket.  Air,  if  present, 
will  bubble  up  through  the  water. 

Slight  adhesions  are  best  torn  through  or  eut.  If  the  lungs  are 
firmly  attached,  it  is  best  to  strip  off  the  eostal  layer  of  the  jileura 
with  the  lung,  d'his  is  most  easily  done  by  freeing  the  anterior 
edge  of  the  co.stal  pleura  with  the  handle  of  the  scalpel,  and  working 
in  first  a  finger  and  then  the  whole  hand  until  the  pleura  is  (mtirely 
flee.  In  [lassing  the  hand  into  the  pleural  (a\ities  protect  the  back 
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of  it,  especially  if  the  ribs  have  been  cut  through,  by  folding  the 
skin-tlap  in  over  the  edge  of  the  ribs. 

If  desired,  the  lungs  can  be  drawn  forward,  examined  over  their 
whole  extent,  even  incised,  and  then  replaced  until  the  heart  has 
been  removed.  In  the  connective  tissue  of  the  anterior  medias¬ 
tinum  there  is  almost  alw^ays  a  certain  amount  of  emphysema  due 
to  the  removal  of  the  sternum.  Emphysema  due  to  laceration  of 
the  lung  tissue  is  more  marked  in  the  upper  half  of  the  mediastinum, 
and  usually  extends  up  into  the  neck.  The  thymus  gland  attains 
its  full  development  at  the  end  of  the  second  year,  after  which  time 
it  usually  slowly  atrophies. 


b.  Removal  and  Opening  of  the  Thoracic  Organs 


ia)  Opening  oj  the  Perieardium. — To  open  the  pericardium, 
seize  the  sac  near  the  middle  with  fingers  or  forceps,  snip  through 
the  wall  with  a  knife  or  scissors,  and  with  either  instrument  cut 
upward  to  where  the  pericardium  is  reflected  over  the  large  vessels, 
downward  to  the  lower  right  border,  and  lastly  to  the  apex.  Ry 
gentlv  raising  the  apex  of  the  heart  the  amount  of  fluid  in  the  peri¬ 
cardial  cavity  can  be  seen.  The  normal  amount  ranges  between  5 
and  50  cc.  Pericardial  adhesions  should  be  broken  through  with 
the  fingers.  If  this  is  impossible,  the  heart  must  be  incised  through 


the  pericardium. 

{b)  External  Inspeetion  oj  the  //car/. --Determine  first  the 
position,  size  and  shape  of  the  heart,  and  the  degree  of  distention  of 
the  different  parts.  The  right  ventricle  and  both  auricles  are  usu¬ 
ally  distended  with  blood,  which  may  be  fluid,  as  in  death  from 
suffocation,  or  more  or  less  coagulated.  The  left  ventricle  is  con¬ 
tracted  and  empty  unless  the  individual  has  died  from  paralysis  of 
this  part  of  the  heart,  in  which  case  it  will  be  found  distended  with 

blood  (condition  of  greatest  diastole). 

(c)  Removal  and  Opening  oj  the  Heart.— I'o  remove  the  heart. 

grasp  it  gently  near  the  apex  with  the  left  hand,  suppoiting  it  fur¬ 
ther,  if  necessary,  by  one  or  two  fingers  placed  above  the  coronary 
sulcus,  and  lift  \he  whole  heart  vertically  upward.  Then  cut  its 
vessels  from  below  uiiward  with  the  knife  held  transversely  and 
obliiiuely.  Sever  in  turn  the  inferior  vena  cava,  the  pulmonai\ 
veins  on  both  sides,  the  superior  vena  cava,  the  luilmonary  artery 
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and  tho  aorta,  (lo  (k'ep  ('iiouuh  to  remove'  the  heart  entirely,  but 
avoid  injury  to  the  uuderlyinif  esopha^irs. 

I‘or  luakiny  the  inci.'^ion.'^  (  h'if^-  <S )  to  open  the  heart,  either  a 
long,  sle'uder-bladed  knile  or  long,  straight  seissoi's  may  be  used. 
'I’lie  heart  should  be  placed  on  the  dis.secting  table  with  its  anterior 
surtace  up.  I  he  right  auricle  is  opened  by  cutting  from  the  orifice 
of  the  inferior  vena  cava  into  that  of  the  superior,  and  from  the 
lattei  into  th('  auricular  appendage.  Before  proceeding,  examine 
the  tiicuspid  val\e  and  estimate  whether  its  orifice  is  dilated  or 
narrowed  by  determining  how  many  fingertips  it  will  admit.  The 


I-ij;.  S.  Method  of  openint;  the  heart  .showiriR  lines  of  incisions  followed.  Anterior 

view;  B,  posterior  view. 


first  incision  to  open  the  right  ventricle  is  made  through  the  tri¬ 
cuspid  valve  and  the  wall  of  the  ventricle  along  the  under  surface 
of  the  right  border  of  the  heart.  It  should  be  carried  to  the  end 
of  the  ventricle,  which  does  not  reach  quite  to  the  apex  of  the  heart. 
The  second  incision  begins  about  the  middle  of  the  first,  just  above 
the  insertion  of  the  anterior  jjapillary  muscle,  which  should  not  be 
cut.  and  is  carried  through  the  pulmonary  valve  well  over  on  the 
left  side  along  the  left  border  of  a  narrow,  projecting  ridge  of  fat 
tissue  usually  pre.sent,  so  as  to  pass  between  the  left  anterior  and 
the  [losterior  segments  of  the  valve. 
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The  left  auricle  is  opened  in  a  manner  similar  to  the  right  by 
incisions  joining  the  four  orifices  of  the  pulmonary  veins  and  ex¬ 
tending  into  the  auricular  appendage.  The  lumen  of  the  mitral 
valve  is  measured  with  fingertips  in  the  same  manner  as  indicated 
for  the  tricuspid  valve. 

The  first  incision  into  the  left  ventricle  is  made  through  the 


mitral  valve  along  the  left  border  of  the  heart  (/.  c.,  the  middle  of 
the  external  wall  of  the  left  ventricle),  between  the  two  bundles  of 
papillary  muscles,  to  the  apex  of  the  heart.  The  second  incision 
begins  at  the  termination  of  the  first  at  the  apex,  and  is  carried  up 
close  to  the  interventricular  septum,  parallel  to  the  anterior  de¬ 
scending  branch  of  the  left  coronary  artery  and  about  1  cm.  from  it. 
The  upper  portion  of  the  incision  should  pass  midway  between  the 
pulmonary  valve  and  the  left  auricular  appendage.  Ordinarily,  one 
of  the  aortic  cusps  is  divided,  but  this  may  be  avoided,  if  desired, 
by  dissecting  away  to  some  extent  the  pulmonary  artery  from  the 
aorta  and  carrying  the  incision  well  over  to  the  right  between  the 
right  posterior  and  anterior  valve  segments.  As  each  auricle  is 
opened  the  blood  and  clots  it  contains  should  be  carefully  inspected 
from  above.  In  certain  cases,  as  for  instance  extreme  stenosis,  it 
may  be  preferable  not  to  cut  through  the  valve,  but  to  begin  the 
incision  in  the  ventricular  wall  below  the  valve.  The  ventricular 


cavities  should  in  like  manner  be  freed  from  clots  and  the  valves 
closely  inspected.  The  coronary  arteries  should  usually  be  opened 
by  means  of  small,  narrow-bladed,  probe-pointed  scissors  as  far  as 
thev  can  be  followed.  The  examination  of  the  descending  bianch 
of  the  left  coronary  artery  is  especially  important.  The  right  coro- 
narv  artery  is  best  opened  by  placing  the  tip  of  the  left  foielinger 
in  the  aorta  over  the  orifice  of  the  artery,  and  cutting  from  without 
in  toward  the  fingertip  until  the  vessel  is  reached,  when  it  can  easily 
be  slit  up.  In  this  way  injury  to  the  aorta  is  avoided.  Sometimes 
it  is  advisable  to  examine  the  coronary  vessels  by  means  of  multiple 
transverse  sections  instead  of  by  slitting  them  longitudinally,  the 
danger  of  disturbing  emboli  or  thrombi  within  the  lumen  is  less. 

In  cases  of  more  or  less  sudden  death  with  symptoms  of  as¬ 
phyxia,  the  pulmonary  artery  should  always  be  opened  ///  situ,  be¬ 
fore  removal  of  the  heart,  in  order  to  examine  it  for  possible  emboh. 
because  they  often  lodge  just  at  the  i)oint  where  the  vessels  are 
severed  in  removing  the  heart  and  lungs  and  easily  may  slip  out 
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unobscrvc'd.  'l'lu‘  .simplest  ()i)(Mati()n  is  to  thrust  a  sharp  pointed 
-scalixd  through  the  artery  just  al)ove  the  valve  on  the  left  side  in 
the  line  ol  incision  already  deserib('d,  and  to  cut  U|)\vard  until  the 
branches  to  the  right  and  left  lungs  are  reached.  If  desiiaal,  this 
incision  may  be  extended  down  through  the  i^ulmonary  valve  tind 
the  ventricular  wall  along  the  line  given  lor  the  second  incision  in 
the  right  ventricle. 

The  water  test  for  the  competence  of  the  valves  of  the  heart  is 
not  very  reliable,  es]')ecially  for  the  auriculoventricular  valves,  and 
is  not  so  much  used  tts  formerly.  Inspection  and  measurement  of 
the  valve  after  the  heart  has  been  oj:>ened  will  usually  enable  one  to 
judge  faiily  accurately  concerning  the  degree  of  competence.  Be¬ 
fore  applying  the  test  to  the  aortic  valve  the  first  incision  into  the 
left  ventricle  must  be  made  and  the  cavity  freed  from  clots,  so 
that  no  obstruction  will  exist  below  the  valve.  Then  the  heart  is 
held  so  that  the  aortic  valve  is  perfectly  horizontal,  and  water  is 
poured  in  from  above  to  float  the  cusps  out.  If  competent,  thev 
should  keep  the  water  from  flowing  through.  If,  however,  in  hold- 
ing  the  heait  the  normal  relations  of  the  valve  and  the  surrounding 
parts  are  not  maintained,  the  valve  may  leak.  A  second  source  of 
error  is  that  the  water  may  escape  through  the  coronarv  arteries, 
branches  of  which  have  been  cut  in  opening  the  ventricle.  In  test¬ 
ing  the  mitral  valve  the  left  auricle  is  first  opened  and  the  clots 
removed,  so  as  to  expose  the  upper  surface  of  the  valve.  Then  the 
nozzle  of  a  syringe  is  introduced  through  the  aortic  valve  and  water 
forced  in  so  as  to  float  the  mitral  curtains  up.  The  test,  however, 
is  very  unreliable,  because  the  parts  cannot  be  placed  under  natural 
conditions. 

The  pulmonary  and  tricuspid  valves  can,  of  course,  be  tested  by 
methods  similar  to  those  already  described. 

Increase  or  diminution  in  the  size  of  the  heart  is  best  determined 
by  weighing  the  organ  after  the  removal  of  the  clots.  In  certain 
cases,  however,  and  in  .special  Investigations,  measurements  of  dif¬ 
ferent  parts  of  the  heart  are  desirable.  Roughly,  the  heart  is  the 
size  of  the  individual’s  fist. 

Opening  and  examination  of  the  heart  after  its  removal  are 
^satisfactory  only  when  the  organ  is  normal  or  contains  lesions  within 
itself  which  are  not  in  continuity  with  any  of  the  vessels  entering 
nnto  it.  In  aneurysm  of  the  ascending  aorta,  in  thrombosis  of  a 
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vena  cava,  and  in  a  number  of  different  lesions  connected  with  the 
heart  or  with  the  vessels  given  off  from  it,  it  is  important  to  ex¬ 
amine  these  vessels  and  to  open  them  while  they  are  still  in  con¬ 
tinuity  with  the  heart.  For  this  purpose  the  Ghon  or  the  “en 
masse”  technique  is  better.  These  will  be  described  later. 

More  space  for  the  examination  /;/  situ  of  the  vessels  at  the 
base  of  the  neck  can  be  obtained  by  freeing  the  clavicles  from  all 
attachments  above  and  to  the  first  ribs  and  drawing  them  forcibly 
outward;  this  operation  will  be  found  especially  useful  in  following 
up  the  subclavian  vessels. 

{d)  Removal  and  Examination  oj  the  Lungs. — Pleural  adhe¬ 
sions  have  already  been  spoken  of.  If  the  base  of  the  lung  is  ad¬ 
herent  to  the  diaphragm,  it  is  usually  advisable  to  remove  the  latter 
with  the  lung  by  cutting  through  its  insertion  into  the  ribs.  Accord¬ 
ing  to  Orth  (1900),  there  is  less  danger  of  wounding  the  abdominal 
organs  if  scissors  are  used  for  the  performance  of  the  operation. 
After  the  lung  is  free  it  is  drawn  forward  out  of  the  pleural  cavity, 
and  its  root  is  grasped  from  above  downward  between  the  separated 
first  and  second  fingers  of  the  left  hand.  The  lung  is  drawn  down¬ 
ward  toward  the  pubis  and  the  primary  bronchus  is  divided  by  a 
nearly  vertical  incision  above  and  behind  the  left  hand.  Then  the 
lung,  supported  by  the  flat  surface  of  the  knife,  is  lifted  vertically 
from  the  thorax,  avoiding  injury  to  the  eso[)hagus  and  aorta. 

The  procedure  is  the  same  for  both  lungs.  Occasionally  the  apex 
of  a  lung  will  be  found  so  firmly  adherent  by  dense  scar  tissue  that 
it  can  be  freed  only  by  using  the  knife. 

The  primary  or  main  incision  into  a  lung  is  a  long,  deep  cut  from 
the  apex  to  the  base  and  from  the  convex  surface  to  the  root,  slit¬ 
ting  the  primary  bronchus,  but  not  cutting  it  oil  from  its  branches 
to  the  upper  and  lower  lobes.  To  incise  the  lelt  lung,  })lace  it  with 
its  inner  or  medial  surface  and  root  downward  on  a  board  and  with 
its  base  toward  the  operator.  The  left  thumb  steadies  the  lower 
lobe,  the  first  finger  reaches  between  the  two  lobes  almost  to  the 
primary  bronchus,  and  the  rest  of  the  fingers  should  hold  the  upper 
lobe. 

The  right  lung  is  most  easily  incised  by  placing  it  in  the  same 
position  but  with  the  apex  toward  the  operator;  in  other  words, 
always  place  the  anterior  edge  of  a  lung  beneath  the  palm  of  the 
hand.  Some  prefer  to  place  each  lung  on  its  lower  or  diaphragmatic 
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surface  for  iiici.sion.  I'hc  right  middle  lobe  is  incised  separately  by 
a  cut  extending  transx'ersely  in  its  greatest  dianu'ter. 

1  he  bronchi  and  blood  vessels  should  be  o|)ened  up  for  some 
di>tance  with  small  iirobe-jiointed  scissors,  as  a  rule  from  the  sur¬ 
face  of  the  section,  cutting  through  the  overlying  lung  tissue.  In 
some  cases,  however,  it  is  best  to  open  up  both  the  blood  vessels 
and  the  bronchi  from  the  outside  of  the  lung  before  incising  it.  They 
should  be  opened  in  the  following  order:  the  vein  first,  then  the 
artery,  and  finally  the  bronchus. 

Secondary  cuts  into  the  lungs  are  made  parallel  to  the  main 
incision. 

'fhe  [leribronchial  lymph  nodes  should  be  incised. 

c.  Examination  of  the  Organs  of  the  Neck 

If  it  is  desired  to  dissect  the  organs  of  the  neck  this  can  be 
accomplished  succe.ssfully  without  making  further  skin  incisions.  A 
better  exposure  is  obtained  by  elevating  the  shoulder  of  the  subiect 
on  a  wooden  block  and  allowing  the  head  to  fall  backward.  Now 
the  skin  of  the  neck  can  be  turned  back  and  dissected  away  from 
the  underlying  structures  without  injury.  This  can  be  continued 
up  to  the  floor  of  the  mouth.  Great  care  should  be  taken  not  to 
injure  the  carotid  arteries,  and  all  large  branches  of  these  blood 
vessels  that  are  cut  should  be  ligated.  Dissect  the  skin  from  the 
larynx  and  muscles  of  the  neck  as  far  up  as  possible.  In  like  man¬ 
ner  free  the  muscles,  esophagus  and  trachea  from  their  attachments 
laterally  and  posteriorly.  Then  allow  the  head  to  drop  well  back 
over  the  end  of  the  table  and  pass  a  long,  slender-bladed  knife  up 
between  the  skin  and  the  larynx,  just  behind  the  symphysis  of  the 
lower  jaw,  until  the  tip  of  the  knife  appears  beneath  the  tip  of  the 
tongue,  from  this  point  the  knife  is  carried  with  a  sawing  motion 
down  first  one  ramus  of  the  jaw  and  then  the  other,  dividing  lat¬ 
erally  the  glossal  muscles  as  far  back  as  the  posterior  pharynx.  The 
knife  is  next  carried  up  behind  the  esophagus,  and  the  posterior 
wall  of  the  pharynx  is  divided  as  high  as  possible.  Pass  the  left 
hand  up  inside  of  the  neck  and  draw  down  the  tongue.  Then  cut 
the  attachments  of  the  soft  to  the  hard  palate,  carrying  the  knife 
\\ell  out  so  as  not  to  injure  the  tonsils.  .Any  remaining  attachments 
are  usually  easily  .severed  by  pressing  the  tongue  first  to  one  side 
and  then  to  the  other,  and  cutting  close  to  the  roof  of  the  pharynx. 
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Next  cut  through  the  middle  of  the  uvula  and  examine  all  of  the 
pharynx  removed.  Incise  the  tonsils  vertically.  The  esophagus  is 
slit  in  the  median  line  posteriorly;  if  it  is  normal,  the  larynx  and 
trachea  are  then  slit  in  the  posterior  median  line  also,  thus  splitting 
the  esophagus  in  two. 

Each  lobe  of  the  thyroid  gland  is  incised  in  its  greatest  diameter. 

The  parathyroid  glands  are  most  commonly  located  on  the  me¬ 
dian  portion  of  the  posterior  surface  of  the  lateral  lobes  of  the 
thyroid  gland  close  to  the  esophagus.  They  are  usually  four  in 
number,  a  superior  and  an  inferior  being  present  on  each  side.  They 
are  llattened,  ovoid,  yellowish  brown  structures,  6  to  8  mm.  in 
length,  3  to  4  mm.  in  width  and  1.5  to  2  mm.  in  thickness.  They 
are  less  transparent  than  lymph  nodes  and  of  a  denser  consistence 
than  fat.  In  young  people  they  are  light  gray  in  color,  while  in 
old  individuals  they  become  atrophic  and  infiltrated  with  fat  tissue. 

The  parathyroids  are  best  found  by  first  identifying  the  inferior 
thyroid  artery  and  dissecting  this  vessel  until  it  subdivides  just  be¬ 
fore  entering  the  thyroid  substance.  The  inferior  parathyroid  will 
usually  be  found  just  below  this  point  of  branching,  the  superior 
ones  several  millimeters  above  it.  Their  location,  particularly  that 
of  the  inferior  pair,  is,  however,  somewhat  variable.  They  may  be 
located  in  the  lower  pole  of  the  thyroid,  farther  downward  in  the 
fat  tissue  of  the  trachea,  on  the  anterior  surface  of  the  lowest  por¬ 
tion  of  the  lateral  lobes  of  the  thyroid,  in  the  thyroid  substance 
itself  or  in  the  thymus. 

If  care  is  taken  the  carotid  bodies  (glomus  caroticum)  can  be 
located  in  the  neck.  These  are  bilateral  structures,  reddish  brown, 
oval,  each  about  5  mm.  long.  They  lie  immediately  at  or  just  above 
the  division  of  the  common  carotid  to  form  the  internal  and  ex¬ 
ternal  carotid  arteries.  They  are  situated  on  the  medial  sui  face  of 
the  artery. 

d.  Removal  and  Examination  of  the  Abdominal  Organs 

(a)  The  Abdominal  C avit y .—T\\e  order  of  removal  of  the  ab¬ 
dominal  organs  varies  with  different  operators,  and  under  varying 
circumstances  with  the  same  operator.  I  he  gastio-intestinal  tiact, 
including  the  liver  and  j^ancreas,  may  be  taken  out  befoie  or  after 
the  genito-urinary  tract.  The  spleen  as  an  organ  by  itself  is  often 
the  first  to  be  taken  out.  The  early  removal  of  the  liver  is  occa- 
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sionally  advanlat^oous  for  (lie  sake  of  (lie  additional  sjiace  obtained 
lor  (he  examination  of  the  other  organs.  It  is  well  to  [iractice  the 
dillerent  methods  of  procedure,  so  that  in  a  difl'icult  case  the  best 
may  be  selected,  because  the  examination  of  the  abdominal  cavity 
especially  in  cases  of  extensive  disease  with  numerous  adhesions 
is  otten  one  of  the  hardest  tasks  in  postmortem  tcchnicjue.  As  a 
rule,  it  is  best  to  iollow  the  usual  order  as  far  as  possible,  graduall}' 
removing  the  more  or  less  normal  or  uninvolved  organs.  Occasion¬ 
ally  it  may  be  advisable  to  remove  the  organs  cn  bloc,  so  as  to  be 
able  to  approach  (he  problem  from  all  sides. 

In  all  cases  of  acute  peritonitis  it  is  best,  before  removing  any 
organ,  to  search  for  the  source  of  the  infection,  paying  particular 
attention  to  the  vermiform  a|ipendix,  to  the  gastro-intestinal  tract 
and,  in  females,  to  the  pelvic  organs. 

I  he  order  of  removal  of  the  abdominal  organs  now  to  be  de¬ 
scribed  is  that  which  seems  the  simplest  and  most  natural  for  the 
majority  of  cases,  hirst  remove  the  spleen;  secondly,  the  gastro¬ 
intestinal  tract,  including  the  pancreas  and  the  liver,  which  forms 
the  upper  layer;  thirdly,  the  genito-urinary  tract  or  middle  layer, 
leaving  the  circulatory  tract,  the  lowest  layer,  to  be  opened  and  in¬ 
spected  in  situ.  If,  however,  it  proves  necessary  to  open  a  part  of 
the  gastro-intestinal  tract  in  situ,  it  will  be  neater  perhaps  to  re¬ 
move  the  kidneys  and  spleen  first. 

{b)  The  Spleen. — As  a  rule,  the  spleen  can  easily  be  drawn 
forward  from  its  position  behind  the  fundus  of  the  stomach,  beneath 
the  diaphragm,  and  lifted  on  to  the  lower  edge  of  the  ribs  on  the 
left  side  without  cutting  its  vessels.  The  organ  is  then  incised  in 
its  greatest  diameter  while  thus  firmly  fixed  between  the  left  hand 
and  the  ribs.  On  the  other  hand  the  vessels  may  be  cut  close  to 
the  hilus  and  the  spleen  incised  after  removal. 

In  cases  of  adhesion  to  the  diaphragm  the  spleen  must  be 
handled  carefully  while  the  fibrous  attachments  are  torn  or  cut 
through,  for  the  capsule  is  easily  ruptured.  Occasionally  it  is  ad¬ 
visable  to  cut  out  with  the  spleen  the  portion  ol  diaphragm  attached 
to  it. 

I  he  important  anatomical  structures  to  be  noted  in  the  macro- 
■scopic  e.xamination  are  the  capsule,  the  trabeculae,  the  blood  vessels, 
the  lymph  nodules  and  the  pulp. 

((  )  1  he  Criistro-I nt estinol  !  nu  t. —  1  h(*  first  stej)  is  to  examine 
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externally,  more  or  less  carefully  accordinj'  to  the  clinical  symj)- 
toms,  the  whole  tract  from  the  stomach  to  the  rectum,  if  it  has  not 
already  been  done  at  the  primary  inspection  of  the  peritoneal  cavity. 
The  main  points  to  notice  are  distention  or  contraction  of  the  in¬ 
testines,  injection  of  the  blood  vessels,  thickening  of  the  wall,  espe¬ 
cially  in  the  lower  part  of  the  ileum,  aflhesions,  exudates,  and  so  on. 
Inspect  the  mesentery,  its  length,  the  amount  of  fat  and  the  size 
of  the  lymph  nodes;  incise  the  latter  to  determine  color  and  con¬ 
sistence.  Examine  the  mesenteric  vessels  in  case  any  evidence  of 
infarction  of  the  intestine  is  noticed.  The  portal  vein  and  its 
branches  should  be  opened  up  in  situ  in  all  cases  of  abscess  of  the 
liver  or  of  secondary  deposits  in  it  of  malignant  growths,  before 
the  gastro-intestinal  tract  is  removed.  As  a  rule,  it  is  not  necessary 
to  open  any  part  of  the  gastro-intestinal  tract  in  situ.  The  opera¬ 
tion  can  be  performed  much  more  neatly  at  the  sink.  The  duode¬ 
num  is  often  opened  for  the  sake  of  investigating  the  flow  of  bile 
from  the  bile  duct. 

Free  the  omentum  from  the  transverse  colon  by  putting  it  under 
tension  and  dividing  it  with  the  knife  close  to  the  colon.  Then 
begin  the  removal  of  the  large  intestine  by  drawing  the  sigmoid 
flexure  forcibly  forward  and  cutting  the  mesocolon  close  to  the  gut, 
first  down  to  the  rectum,  then  upward  to  the  transverse  colon. 
Free  the  latter  by  dividing  the  two  folds  of  the  lesser  omentum 
which  unite  it  to  the  stomach.  The  ascending  colon  is  freed  in  the 
same  manner  as  the  descending  portion.  Care  should  be  taken  not 
to  injure  the  appendix.  If  the  lower  part  of  the  sigmoid  flexure  is 
now  stripped  upward  a  short  distance  with  the  fingers,  so  as  to  force 
the  intestinal  contents  out  of  the  way,  the  gut  can  be  divided  just 
above  the  rectum  without  fear  of  the  feces  escaping. 

Place  the  freed  intestine  in  a  pan  or  pail,  and  as  the  small  in¬ 
testine  is  divided  from  its  mesentery  deposit  it  in  the  same  recep¬ 
tacle.  To  remove  the  small  intestine,  begin  at  the  cecum  and,  while 
lifting  the  ileum  with  the  left  hand  strongly  enough  to  keep  the 
mesentery  constantly  tense,  cut  the  latter  close  to  the  intestine  by¬ 
play  ing  the  knife  easily  backward  and  foiwaid  acioss  it  with  a 
fiddle-bow  movement.  Continue  the  operation  until  the  duodenum 
is  reached.  The  mesentery  can  now  be  dissected  from  the  duode¬ 
num  and  removed,  or  the  mesentery,  duodenum,  pancreas,  and 
stomach  can  be  removed  in  continuity  with  the  intestine  by  care- 
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fully  dissecting  them  ofl  the  underlying  st luclures.  'I'ln'  operulion 
is  perhaj^s  more  easily  accomiilished  by  freeing  the  organs  from 
below  upward  after  certain  preliminary  incisions,  h'irst  cut  down 
through  the  dia])hragm  and  free  it  around  the  eso|)hagus.  d'hen 
separate  the  stomach  from  the  liver  by  means  of  llu'  thumb  and 
fingers  of  the  left  hand  in  such  a  way  as  to  stretch  the  vessels  of 
the  hepatoduodenal  ligament,  d'he.se  ve.s.svls  (hepatic  artery,  com¬ 
mon  bile  duct,  and  portal  vein)  are  then  carefully  divided  in  th(' 
oidei  named.  As  each  vessel  is  cut  the  character  of  its  contents 
should  be  observed  to  see  if  anything  abnormal  is  present. 

The  mesentery,  if  still  present,  the  duodenum,  the  ixincreas  and 
the  stomach  are  now  dissected  carefully  away  from  the  unrlerlying 
vessels  from  below  upward  until  the  esophagus  is  reached.  This 
may  be  constricted  by  the  fingers  at  any  point  desired,  and  cut 
across  without  danger  of  the  gastric  contents  escaping  and  without 
the  necessity  of  tying.  In  certain  cases  of  hemorrhage  from  the 
stomach  associated  with  cirrhosis  of  the  liver,  it  is  important  to 
remove  the  esophagus  in  continuity  with  the  stomach,  because  in 
these  cases  the  hemorrhage  usually  takes  place  from  dilated  esojih- 
ageal  veins. 

The  stomach  and  intestines  are  now  opened  at  the  sink  by  means 
of  the  enterotome,  the  colon  along  one  of  its  longitudinal  muscular 
bands,  the  small  intestine  along  its  mesenteric  attachment,  because 
the  most  important  lesions  usually  occur  opposite  this  line  in  the 
l\mph  nodules  and  Peyer  s  patches.  I  he  stomach  is  opened  along 
the  greater  curvature  by  many;  others,  however,  prefer  to  cut  along 
a  line  3  cm.  from  the  lesser  curvature,  because  better  museum 
preparations  are  thus  obtained.  In  ca.se  any  tumor  or  focal  lesion 
IS  perceived  from  the  outside,  it  is  advisable  to  cut  the  stomach. 

if  possible,  in  such  a  way  as  to  leave  the  pathological  part  un¬ 
injured. 

Whenever  jaundice  is  present  the  duodenum  must  be  opened  in 
situ  in  order  to  e.xamine  the  bile  apparatus  in  continuity,  and  thus 
determine  whether  the  icterus  is  due  to  obstruction  of  the  hepatic 

or  common  bile  duct,  or  whether  it  is  of  so-called  hematogenous 
origin. 

To  open  the  duodenum  make  a  transverse  fold  in  the  anterior 
wall  and  incise  with  the  sci.s.sors.  Continue  the  longitudinal  slit  thus 
nnule  u[)  as  far  as  the  pylorus  and  down  to  where  the  duodenum 
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passes  beneath  the  mesentery.  Notice  the  contents  of  the  duode¬ 
num  and  their  color  both  above  and  below  the  opening  of  the  bile 
duct.  The  common  bile  duct  usually  o]:»ens  in  common  with  the 
pancreatic  duct  on  the  medial  side  of  the  descending  portion  of  the 
duodenum,  a  little  below  the  middle  of  the  head  of  the  pancreas, 
at  a  point  marked  by  a  small  papilla  which  can  easily  be  recognized 
by  stretching  the  mucous  membrane  transversely.  Press  first  on 
the  common  duct  gently  and  in  the  direction  of  the  papilla,  watch¬ 
ing  the  opening  to  see  if  any  obstructing  material  is  forced  out. 
Pressure  is  then  put  on  the  gallbladder  to  see  if  its  contents  also 
will  tlow  through  the  bile  ducts.  If  necessary,  the  common  duct  and 
its  branches  are  opened  in  situ.  In  certain  cases  the  pancreatic  duct 
is  similarly  examined. 

Several  cross  sections  of  the  pancreas  are  usually  better  than 
one  in  the  greatest  diameter,  because  the  duct  is  left  in  a  better 
condition  for  slitting  up  if  necessary. 

{d)  The  L/z'cr.— The  liver  is  usually  the  last  organ  of  the  gas- 
tro-intestinal  tract  to  be  removed.  This  is  ordinarily  done  by  lift¬ 
ing  up  the  right  lobe  and  freeing  it  from  all  attachments  as  far  as 
the  vertebral  column.  The  right  lobe  is  then  lifted  and  placed  on 
the  edge  of  the  ribs  on  the  right  side,  while  the  left  lobe  is  elevated 
and  freed.  If  the  diaphragm  is  firmly  adherent,  remove  it  with 
the  liver.  The  incision  to  display  the  liver  is  a  long  deep  cut  pass¬ 
ing  through  the  right  and  left  lobes  in  the  greatest  diameter  of  the 
organ. 

In  a  good  many  cases  it  is  very  convenient  to  remove  the  liver 
at  the  beginning  of  the  special  examination  of  the  abdominal  cav¬ 
ity,  because  more  room  can  be  obtained  for  the  investigation  of  the 
other  organs.  This  latter  fault  can  to  some  extent  be  obviated  by 
cutting  the  diaphragm  on  the  right  side  and  allowing  the  liver  to 
slide  forward  somewhat  into  the  right  thoracic  cavity. 

There  can  be  no  objection  to  the  removal  of  the  liver  when 
jaundice  is  not  present  or  when  the  liver  is  not  connected  by  con¬ 
tinuity  with  the  lesion  of  some  other  organ,  such  as  pylephlebitis 
in  the  kidney  or  a  malignant  growth  extending  through  the  portal 
vein  or  along  bile  ducts. 

'I'he  operation  is  performed  as  follows:  Pass  the  left  hand  m 
between  the  diaphragm  and  the  right  lobe  and  push  the  liver  for¬ 
ward  out  of  the  right  hypochondrium.  Incise  it  deeply  in  its  great- 
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c'sl  (lianiftcM-  llirouKli  the  left  and  ri<,dil  lolx's.  Xext  far  (he  j^all- 
bladder  Ironi  its  bed  by  nuams  ol  llu'  I'lntfers,  and  cut  it  off  near 
(he  he[Kitic  duct  alter  C()nii)ressing  its  luwi'r  end.  It  can  then  be 
upc'iied  lengthwise*  and  waslu'd  without  danfj;er  ol  discolorinj.^  the 
liver  or  other  organs.  I  he  liver  is  now  grasped  by  placing  the 
thumb  on  the  under  surlace  of  the  li\'er  and  the  fingers  in  the  in¬ 
cision.  Elevate  the  organ  and,  while  carefully  watching,  cut  through 
the  hei)atoduodenal  ligament,  which  includes  the  blood  vessels  and 
the  he])atic  duct.  I  he  hejiatogastric  ligament,  the  inferior  vena 
cava,  the  falciform  ligament,  the  coronary  ligament,  and  the  tissue 
between  the  inferior  surface  of  the  liver  and  the  upper  end  of  the 
kidney  follow  next;  the  adrenal  is  left  on  the  kidney,  and  the 
diaphragm  ought  not  to  be  injured. 

Even  in  the  ordinary  way  of  removing  the  liver  the  organ  will 
be  found  much  easier  to  handle  if  the  incision  is  made  in  situ,  so  as 
to  furnish  a  hold  for  the  left  hand. 

Other  cuts  into  the  liver  are  best  made  parallel  to  the  primary 
one. 

(c)  The  Kidneys  and  Adrenals. the  adrenals  are  to  be  re¬ 
moved  with  the  kidneys,  it  is  necessary  to  cut  first  medial  to  and 
secondly  above  the  adrenal,  and  then  to  make  a  curved  incision 
along  the  outer  convex  border  of  the  kidney  from  the  outer  end  of 
the  second  cut  through  the  peritoneum  and  the  perinephric  fat 
tissue.  The  left  hand  is  inserted  into  the  cut,  the  mass  of  tissue 
drawn  forcibly  forward  and  the  vessels  divided  as  close  to  the  aorta 
as  possible,  so  that  the  renal  vessels  may  be  slit  up  and  e.xamined  in 
connection  with  renal  lesions  if  present.  The  adrenal  should  be 
incised  crosswise.  The  kidney  is  held  firmly  in  the  left  hand  be¬ 
tween  the  thumb  and  fingers  while  a  longitudinal  incision  is  made 
from  the  convex  border  to  the  hilus.  As  a  rule,  it  is  better  to  shell 
it  out  of  its  investing  fat  tissue  before  incising  it. 

It  will  often  be  found  convenient  to  make  simply  the  curved  in¬ 
cision  given  above,  to  shell  the  kidney  out  of  its  fat  capsule  and 
then  to  divide  its  vessels,  leaving  the  adrenal  behind  to  be  incised 

m  situ  or  removed  separately.  As  a  rule  the  left  kidney  is  removed 
first. 

In  all  cases  in  which  the  bladder  is  involved  in  pathological 
changes,  in  cianmon  with  the  kidneys,  the  whole  urinary  tract  should 
be  removed  intact,  so  that  the  lesions  may  be  examined  in  con- 
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tiiuiity.  For  this  reason  it  is  a  good  plan  to  open  up  the  [U'lvis 
of  the  kidney  and  the  ureter  from  the  primary  incision,  in  order  to 
see  if  any  lesion  is  present  before  dividing  the  ureter. 

If  it  is  desired  to  remove  the  kidneys  before  the  intestines,  the 
latter  must  to  some  extent  be  freed  from  their  attachments. 

'Fhe  splenic  llexure  of  the  colon  is  first  drawn  forcibly  forward 
and  its  attachments  divided  where  they  hide  the  left  kidney.  If 
the  ureter  is  to  be  taken  out  also,  it  is  best  to  free  the  whole  of 
the  descending  colon  from  its  mesocolon.  Then  the  colon  and  the 
coils  of  small  intestine  are  drawn  over  to  the  right  side  of  the  body, 
so  as  to  leave  the  left  kidney  and  adrenal  exposed.  They  are  then 
removed  in  exactly  the  same  manner  as  already  described. 

To  remove  the  right  kidney  the  hepatic  flexure  must  be  freed 
from  over  it.  If  the  ureter  is  to  be  taken  out,  the  descending  colon 
and  the  cecum  are  dissected  from  it.  The  right  adrenal  is  firmly 
attached  to  the  under  surface  of  the  liver  and  must  be  carefinly 
dissected  from  it  by  turning  the  latter  upward. 

If  the  urinary  tract  is  to  be  removed  in  continuity,  each  ureter 
is  dissected  down  to  the  brim  of  the  pelvis  and  then  left  with  its 
kidney  attached  until  the  pelvic  organs  have  been  taken  out. 

After  the  kidney  has  been  incised  the  capsule  is  stripped  off,  at 
least  in  part,  so  that  the  appearance  of  the  surface  of  the  kidney 
and  the  presence  or  absence  of  adhesions  between  the  capsule  and 

the  renal  tissue  can  be  determined. 

The  points  to  be  noted  in  the  macroscopic  examination  of  the 
kidney  are  size,  consistence,  and  on  section,  color,  relative  propor¬ 
tions  of  cortex  to  medulla  and  thickness  of  each;  finally,  the  details 
of  the  structure  of  the  kidney,  including  the  blood  vessels,  the 
glomeruli,  the  convoluted  and  straight  tubules  of  the  cortex,  the 

collecting  tubules  of  the  pyramids,  and  the  pelvis. 

(/)  The  Pelvic  Organs. — The  pelvic  organs  are  most  easily  and 
neatly  removed  by  stripping  the  peritoneum  from  the  pelvic  wall 
with  the  fingers.  Begin  over  the  bladder  and  extend  down  the  sides 
of  the  pelvis  until  the  fingers  meet  beneath  the  rectum.  Brace  the 
backs  of  the  hands  laterally  on  the  brim  of  the  pelvis  and  lift  the 
fingers  forcibly  upward;  this  movement  will  free  the  pelvic  organs 
cleanly  from  the  sacrum  and  leave  them  attached  only  anteriorly 
at  the  rectal  and  genital  openings,  and  posteriorly  by  the  peritoneum 
and  the  vessels  at  the  brim  of  the  pelvis. 
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Anteriorly,  the  attachments  may  then  he  divided  witli  tlie  knife 
at  \vhate\er  point  seems  acK'isahle,  ordinarily  close  to  the  pnhes 
just  anterior  to  the  jirostate  (or  through  the  urc'thra  and  vagina  in 
females)  and  through  the  lower  end  of  tlu'  rectum.  Post(uiorly,  cut 
through  the  tissues  at  the  brim  of  the  pelvis,  taking  care  not  to  cut 
the  ureters,  if  the  kidneys  are  still  attached  to  them.  The  rectum 
is  opened  with  the  enterotome  along  the  |)osterior  wall  and  the 
inner  surlace  thoroughly  washed  off  so  as  to  avoid  soiling  the  other 
organs. 

To  open  the  bladder  in  males,  especially  if  the  pcmis  has  been 
removed  together  with  it,  incise  with  the  scissors  a  transverse  fold 
in  the  anterior  wall  of  the  bladder,  and  carry  the  incision  through 
the  urethra  and  along  the  dorsum  of  the  penis.  To  accomplish  the 
latter  act  perfectly  the  penis  must  be  firmly  stretched  by  having  an 
assistant  pull  at  the  prepuce  while  the  bladder  is  held  fixed  by  the 
operator. 

In  females  it  is  usual  to  enter  the  scissors  into  the  bladder 
through  the  urethra  and  to  cut  through  the  middle  of  the  anterioi 
wall  of  the  fundus. 

In  males  the  rectum  should  be  dissected  away  from  the  bladder 
so  as  to  lay  bare  the  .seminal  vesicles  and  the  prostate,  which  arc 
examined  by  means  of  several  transverse  incisions. 

In  females,  if  the  bladder  is  normal,  the  vagina  is  opened  by  an 
incision  through  the  posterior  wall  of  the  bladder  and  through  the 
anterior  wall  of  the  vagina.  f)r  the  vagina  may  be  incised  laterally 
until  the  cervix  is  reached,  and  then  the  cut  be  carricfl  up  to  the 
median  line. 

The  uterus  is  inci.sed  in  its  anterior  wall  from  the  cervix  to  the 
fundus.  From  the  upper  part  of  this  incision  secondary  incisions 
are  carried  out  on  each  sirle  to  the  orifices  of  the  fallopian  tubes. 

The  ovaries  are  incised  in  their  greatest  diameter,  from  the  con¬ 
vex  border  to  the  hilus. 

dhe  testes  can  readily  be  examined  without  external  injury  to 
the  scrotum  by  cutting  underneath  the  skin  over  the  iiubcs  down 
to  the  scrotum  on  either  sirle  of  the  penis,  and  shriving  the  testes  up 
through  the  incision.  Cut  carefully  through  the  overlying  tissues 
until  th(‘  ca\’ity  of  the  tunica  vaginalis  is  opened.  I'iemove  the 
tc'stis  by  severing  the  corrl.  The  incision  to  dis[)lay  a  tc'stis  shoulrl 
be  in  the  long  rliameter,  beginning  rin  the  side  opposite  the  epidid- 
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yniis  and  extending  through  into  it.  In  cases  of  tuberculosis  of  the 
testis  and  epididymis  it  is  advisable  not  to  cut  through  the  cord  but 
to  remove  the  testes  and  cords  with  the  bladder,  so  that  the  whole 
genital  tract  may  be  examined  in  continuity  and  the  associated 
lesions  in  the  seminal  vesicles  demonstrated,  if  present. 

The  penis,  or  at  least  the  larger  portion  of  it,  can  be  removed 
in  connection  with  the  bladder  by  continuing  the  primary  body  in¬ 
cision  out  to  about  the  middle  of  the  dorsum  of  the  penis,  which  is 
then  freed  from  the  investing  skin  and  divided  just  proximal  to  the 
corona.  It  is  next  dissected  back  to  the  pubic  arch  and  freed  from 
it  partly  by  cutting  from  without,  partly  from  within,  the  pelvis, 
until  the  penis  can  be  passed  underneath  the  arch  into  the  pelvis. 
Other  methods  are  to  cut  through  the  symphysis  pubis,  which  can 
then  readily  be  sprung  apart  by  swinging  one  of  the  legs  out  in  a 
horizontal  plane,  or  even  to  saw  out  a  small  section  of  bone  in¬ 
cluding  the  symphysis,  so  as  to  have  more  room  for  freeing  the 
attachment  of  the  penis  and  for  removing  it. 

e.  Examination  of  the  Structures  Remaining  in  the  Body  Cavities 

There  still  remain  several  structures  which  should  be  examined. 

(a)  The  inferior  vena  cava  and  its  branches  are  opened  by 
slitting  them  with  scissors  along  their  anterior  walls.  If  it  is  neces¬ 
sary  to  follow  the  iliac  vessels  into  the  thigh  it  will  be  found  easier, 
in  sewing  up,  if  the  primary  abdominal  incision  is  continued  off  to 
the  side  in  question,  thus  giving  a  single  though  curved  incision. 
It  is  sometimes  advisable  to  open  the  inferior  vena  cava  and  its 
branches  before  removing  the  pelvic  organs,  so  that  thrombi  ex¬ 
tending  into  the  pelvic  vessels  may  be  examined  before  they  are 
disturbed. 

(b)  The  aorta  is  opened  in  situ  along  the  anterior  wall  through¬ 
out  its  whole  extent,  and  the  iliac  arteries  as  far  as  the  femoral  ring. 

(c)  The  thoracic  duct  lies  behind  and  to  the  right  of  the  aorta. 
In  the  thorax  it  is  most  easily  found  by  dissecting  between  the 
aorta  and  azygos  vein  on  the  right  side.  The  cisterna  chyli  lies 
to  the  right  and  behind  the  aorta  upon  the  second  and  third  lumbar 
vertebrae.  Although  the  thoracic  duct  can  theoretically  be  found 
and  examined  in  the  course  of  each  of  the  autopsy  techniques,  in 
[iractice  it  is  very  difficult  to  find  it  after  the  organs  have  been  re- 
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moved  from  tlie  body.  'I'lierefore,  in  cases  in  which  its  e.xamination 
may  be  of  great  imi)ortance,  such  as  in  miliary  tuberculosis  or 
chylous  hydrolhorax,  it  is  wise  to  alter  the  routine  procedures  to  a 
certain  extent  in  order  to  make  sure  of  finding  it.  .\  ((iiite  satis- 
tactory  technicjue  is  the  following,  h’irst  remove  the  left  lung  by 
cutting  through  the  hilus.  Then  the  right  lung  is  lifted  out  of  the 
right  pleural  cavity  and  it  and  the  heart  are  displaced  over  to  the 
lelt.  In  this  way  a  good  exiiosure  is  obtained  so  that  the  i)arietal 
pleura  can  be  incised  along  the  upper  lateral  asjiect  of  the  bodies 
of  the  thoracic  vertebrae.  The  duct  is  most  easily  found  about  2 
or  3  cm.  above  the  diaphragm.  The  azygos  vein  is  first  identified 
and  then  by  careful  dissection  the  duct  itself  can  be  found  lying 
behind  the  aorta  between  the  azygos  and  hemiazygos  veins  along  the 
anterior  surface  of  the  bodies  of  the  vertebrae.  Once  it  has  been 
identified,  place  a  ligature  loosely  around  it.  If  the  duct  is  now  kept 
under  slight  tension  it  can  be  dissected  uji  and  down  throughout  its 
length. 

((/)  The  celiac  ganglia  composing  the  largest  of  the  sympathetic 
plexuses  lie  on  either  side  of  the  midline  in  front  of  the  crura  of  the 
diaphragm,  close  to  the  adrenal  glands  on  the  aorta  above  the 
pancreas. 

(c)  The  coccygeal  body  is  a  vascular  skein  situated  beneath  the 
tip  of  the  coccyx  and  can  be  best  found  by  tracing  the  course  of 
the  middle  sacral  artery  to  its  termination. 

(/)  The  vertebral  bone  marrow  at  least  should  be  examined 
routinely.  This  is  usually  best  done  by  sawing  the  bodies  of  the 
lower  lumbar  vertebrae  parallel  to  their  anterior  surface  at  a  depth 
of  about  1  cm.  In  cases  where  the  bone  marrow  is  of  special  in¬ 
terest,  as  for  instance  in  leukemias  and  anemias,  the  bone  marrow 
from  the  sternum,  the  ribs,  the  femur  and  the  tibia  should  also  be 
examined.  A  small  wedge  shaped  piece  is  easily  sawed  from  the 
sternum  and  a  small  piece  of  rib  can  be  removed  where  it  has  been 
cut  in  removing  the  sternum.  With  the  femur  and  tibia  a  short 
5  to  7  cm.  incision  is  made  over  the  anterior  surface  of  the  bone 
and  it  is  expo.sed  by  dissecting  away  the  muscles.  The  muscles  are 
then  retracted  from  the  bone  and  a  small  segment  removed  by  first 
sawing  the  bone  about  half  way  through  in  a  transverse  direction  in 
two  places  and  then  removing  the  intervening  portion  with  a  hammer 
and  chisel.  (  are  should  be  taken  not  to  fracture  the  bone. 
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Before  takini^  up  the  methods  used  for  opening  the  head  and 
examining  the  brain,  three  other  main  types  of  technique  for  the 
removal  and  the  examination  of  the  organs  of  the  chest  and  ab¬ 
domen  will  be  described  briefly . 

2.  En  Bloc  Technique,  a  Modification  of  Ghon’S  Method 

(1)  REMOVAL  OF  THE  THORACIC  ORGANS 

First,  all  adhesions  between  the  lungs  and  the  thoracic  walls 
must  be  noted,  then  broken  or  cut.  Next,  dissect  with  the  fingers 
between  the  vertebral  column  and  the  contents  of  the  superior 
mediastinum.  When  this  is  complete  pass  the  forefinger  of  the  left 
hand  beneath  the  organs  and  bring  it  in  contact  with  the  left  thumb. 
Holding  the  autopsy  knife  in  the  right  hand  cut  through  the  vessels, 
the  trachea  and  the  esophagus  down  to  the  vertebral  column.  The 
vessels  should  be  cut  as  close  to  their  origin  from  the  arch  of  the 
aorta  as  possible,  so  that  they  can  be  easily  reached  and  tied  for 
the  undertaker.  Still  keeping  one’s  grasp  with  the  left  hand,  the 
whole  thoracic  contents  can  be  stripped  from  the  vertebral  column 
by  pulling  in  a  caudal  direction.  Usually  no  dissection  will  be 
necessary,  but  the  more  adherent  portions  can  be  fieed  by  cutting 
with  a  knife.  Then  the  aorta  and  esophagus  are  severed  just  as 
they  pass  through  the  diaphragm  and  the  whole  thoracic  contents 
lifted  out  and  placed  in  a  pan. 

The  thoracic  cavity  should  be  sponged  out  and  any  abnormal¬ 
ities  in  the  parietal  pleura,  the  ribs  and  the  thoracic  vertebral 
column  noted. 

(2)  REMOVAL  OF  THE  ABDOMINAL  ORGANS 

d'he  contents  of  the  abdominal  cavity  are  removed  in  three 
groups. 

a.  Jejunum,  Ileum  and  Cu/u//.— Start  at  the  rectum,  leaving 
it  attached,  and  dissect  with  large  scissors,  cutting  the  colon  from 
its  mesentery.  In  this  manner  the  whole  colon  and  the  first  few 
centimeters  of  the  ileum  are  freed.  Next,  dissect  the  base  of  the 
mesentery  from  its  attachment.  To  do  this  it  will  be  necessary  to 
cut  the  superior  mesenteric  artery  and  vein.  Clamp  or  tie  the  in¬ 
testine  at  the  junction  of  the  duodenum  with  the  jejunum  and  cut 
it.  Strip  as  much  of  the  fecal  contents  as  possible  from  the  rectum 
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back  into  the  sigmoid  and  cut  through  the  rectum  about 

the  anus.  This  grouj)  of  organs  can  now  be  lifted 
abdomen. 


o  cm.  above 
out  of  the 


/>.  L’u't),  hiliary  System,  Stomach,  Duodenum,  Spleen  and  Pan¬ 
creas.— \\\v<v  organs  are  all  removed  as  one  group.  Cut  each 
leaf  of  the  diaphragm  m  the  midlinc  in  an  anteroposterior  direction. 
I  his  allows  the  liver  to  be  tilted  backward  and  makes  subsequent 
[n'oeedures  easier. 


Start  on  the  left  and  free  the  spleen,  the  pancreas  and  all  struc¬ 
tures  as  far  as  the  vertebral  column  without  cutting  the  esophagus, 
heave  the  aorta  intact  but  cut  the  vena  cava  and  celiac  artery  just 
below  the  liver.  Xext,  proceed  with  a  similar  dissection  on  the 
right  side.  The  area  of  the  normal  attachment  of  the  liver  to  the 
diaphragm  caii  be  separated  from  the  diaphragm  by  blunt  dissec¬ 
tion  with  the  lingers.  Take  care  not  to  remove  or  injure  the  right 
adrenal  gland.  Finally,  grasp  the  liver  with  the  left  hand,  pull  it 
downward  and  sever  the  esophagus  and  the  vena  cava  just  below 
the  diaphragm  with  a  knife.  Lift  the  whole  group  of  organs  from 
the  abdomen. 

c.  Urogenital  Apparatus,  Reetum  and  Adrenals.— on 
the  left,  grasp  the  kidney  with  the  left  hand  and  dissect  it  and 
the  adrenal  from  the  underlying  muscles.  Continue  the  dissection 
own  to  the  brim  of  the  pelvis  being  careful  to  avoid  cutting  the 
ureter.  The  dissection  should  be  extended  to  the  midline  of  the 
vertebral  column  behind  the  aorta.  The  same  procedure  is  then 
carried  out  on  the  right  side. 


The  next  step  is  to  free  the  organs  of  the  pelvis.  This  is  done 
by  blunt  dissection  with  the  fingers.  The  bladder  is  first  separated 
irom  the  symphysis  pubis  and  then  the  fingers  are  passed  down 
around  and  posterior  to  the  urethra,  the  vagina  in  the  female,  and 
the  rectum  until  they  meet  in  the  midline.  Next,  the  pelvic’ con¬ 
tents  can  be  freed  from  the  pelvic  wall  posteriorly  by  gradually 
extending  the  dissection  to  the  brim  of  the  pelvis.  The  organs  of 
the  pelvis  are  grasped  with  the  left  hand,  pulled  up  and  the  only 
remaining  attachments  (urethra,  vagina  and  rectum)  cut  in  the 
tloor  of  the  pelvis.  Cut  the  common  iliac  vessels  just  below  the 
brim  of  the  pelvis  and  dissect  the  organs  away  from  the  sacral 

promontory,  thus  freeing  the  whole  group  for  removal  from  the 
bofly. 
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(3)  EXAMINATION  OF  THE  VERTEBRAL  COLUMN  AND  BONE  MARROW 

Examine  and  incise  each  psoas  muscle.  With  a  saw  cut  through 
the  bodies  of  at  least  two  or  three  lumbar  vertebrae  tangentially 
to  the  anterior  surface  in  order  to  examine  the  bone  marrow  and 
obtain  material  for  sections. 

(4)  EXAMINATION  OF  THE  THORACIC  ORGANS 

The  examination  is  started  from  the  posterior  surface.  Dissect 
the  thoracic  aorta  free  and  lay  it  forward.  Open  the  esophagus 
along  the  posterior  surface  with  the  enterotome,  examine  it  and 
then  dissect  it  away  from  the  mediastinum.  Thus,  the  lower  end  of 
the  trachea,  its  bifurcation  and  the  mediastinal  lymph  nodes  are 
exposed.  Dissect  out  the  mediastinal  lymph  nodes  and  incise  each. 
Open  the  trachea  and  the  two  main  bronchi,  noting  the  mucosa  and 
the  contents  of  each. 

Before  going  further,  the  whole  specimen  should  be  turned  over 
and  the  pulmonary  artery  opened.  A  small  incision  is  made  in  its 
anterior  wall  about  1  cm.  above  the  valve  with  a  scalpel,  and  then 
with  scissors  prolong  this  incision  to  the  hilus  of  each  lung.  In 
order  to  follow  its  branches  to  the  right  lung  it  is  necessary  to  dis¬ 
sect  the  already  partially  freed  aorta  back  from  the  pulmonary 
artery.  Examine  the  artery  for  emboli. 

Next,  the  heart  may  be  separated  from  the  lungs  by  cutting 
through  each  hilus  with  the  enterotome.  The  heart  and  lungs  are 
examined  individually  as  described  under  the  Virchow  technique  or 
the  lungs  may  be  left  attached  and  opened  and  examined  together 
as  a  unit.  This  latter  method  is  the  one  described  in  the  original 

Ghon  (Halpert,  1924)  technique. 

To  carry  this  out  the  heart  is  grasped  by  the  apex  and  rotated 
so  that  the  left  border  of  the  left  ventricle  faces  anteriorly.  \\  ith 
the  section  knife  an  incision  is  made  through  the  left  ventricular 
wall  along  this  border  but  not  high  enough  to  injure  the  mitral 
valve.  The  inside  of  the  ventricle  is  examined  and  the  mitral  valve 
palpated.  If  the  mitral  valve  is  not  stenotic  the  incision  is  then 
continued  up  through  the  mitral  valve  into  the  auricle  in  a  line 
leading  toward  the  junction  of  the  two  left  pulmonary  veins.  This 
is  best  done  with  the  enterotome.  The  left  auricle  and  ventricle  and 
the  mitral  valve  can  now  be  inspected. 
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IIh'  light  vl'ntric-Ir  is  opciu'd  in  a  similar  fashion.  The  heart, 
held  by  the  apex,  is  rotated  to  the  right,  an  incision  is  made  through 
the  right  ventricular  wall  along  its  left  border  and  the  incision  is 
caiiied  up  into  the  right  auricle  by  means  of  the  enterotome  in  a 
line  hall  way  between  superior  and  inferior  venae  cavae. 

I  hen  the  pulmonary  conus  and  pulmonary  artery  can  be  oj^ened. 
I  he  blunt  end  of  the  enterotome  is  pa.ssed  through  the  pulmonary 
conus  into  the  pulmonary  artery  and  the  conus  and  artery  cut, 
beeping  as  clo.se  to  the  right  border  as  possible. 

The  next  step  is  to  open  the  aortic  valve  and  the  ascending 
aorta.  To  do  this  the  blunt  end  of  the  enterotome  is  in.serted  into 
the  lett  ventricle  beneath  the  mitral  valve  and  passed  into  the  aorta. 
The  cut  is  then  made  across  the  pulmonary  artery  just  above  the 
pulmonary  valve  cusps  and  through  the  aortic  valve. 

The  heart  is  now  completely  opened  and  the  auricles,  the  ven¬ 
tricles  and  the  valves  can  be  e.xamined.  Although  it  is  possible  to 
open  the  coronary  vessels  without  detaching  the  organ  from  the 
lungs.  It  IS  easier  to  do  so  after  this  has  been  done. 

Palpate  the  lungs  throughout  and  examine  the  visceral  pleura. 
W  ith  a  section  knife  cut  each  lobe  of  the  lung  from  the  midaxillarv 
surface  to  the  hilus.  Blood  ve.ssels  and  bronchi  can  be  traced  into 
the  lung  substance  and  further  sections  made  if  indicated. 

15)  EXAMINATION  OF  THE  ABDOMINAL  ORGANS 
Liver,  Biliary  System,  Stomach,  Duodenum,  Pancreas  and  Spleen 
Place  the  organs  on  the  sectioning  table  in  the  position  in  which 
they  he  in  the  body  (the  liver  away  from  the  prosector,  the  stomach 
to  the  right).  Incise  the  stomach  half  way  between  the  greater  and 
lesser  curvature  starting  about  4  cm.  from  the  pylorus.  Examine 
Its  contents  and  then  continue  the  incision  up  through  the  cardiac 
portion  and  the  lower  end  of  the  esophagus,  and  down  through  the 
pylorus  and  duodenum  along  the  midanterior  surface.  Spom^e  off 
the  mucosa  and  examine.  ^ 

_  Dis.sect  out  the  common  bile  duct.  It  can  be  found  most  easilv 
just  before  it  pa.sses  under  the  duodenum.  It  should  be  nicked 
transversely,  and  then  opened  with  coronarv  scissors  up  to  its  bi¬ 
furcation  to  form  the  hepatic  and  cystic  ducts,  and  down  through 
the  head  of  the  pancreas  to  the  ampulla  of  \’ater.  'Phe  opening  of 
the  cystic  duct  into  the  common  bile  duct  can  now  be  found  and 
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the  cystic  duct  incised  as  far  as  the  neck  of  the  gallbladder.  Open 
the  gallbladder  by  an  incision  in  the  middle  of  its  free  surface. 
Examine  the  contents  and  the  mucosa. 

The  spleen  is  hemisected  by  one  longitudinal  section  starting 
in  the  middle  of  the  diaphragmatic  surface  and  passing  to  the  hilus. 

Make  a  transverse  incision  in  about  the  midportion  of  the  tail 
of  the  pancreas.  Identify  the  pancreatic  duct  and  follow  it  to  the 
duodenum.  When  indicated  dissect  out  the  splenic  artery  and  vein. 

Examine  the  external  surface  of  the  liver  and  make  one  or  more 
transverse  sections  in  an  anterior  to  posterior  direction. 

b.  Genito-urinary  System 

(a)  Excretory  Organs. — The  dissection  is  started  with  the 
organs  lying  on  the  dissecting  table  in  the  position  in  which  they 
are  found  in  the  body.  Locate  the  inferior  vena  cava  where  it  has 
been  cut  below  the  liver.  Open  it  to  a  point  just  above  the  junction 
of  the  iliac  veins.  Open  the  renal  veins  as  far  as  the  kidneys.  The 
suprarenal  and  spermatic  or  ovarian  veins  may  also  be  opened  if 
indicated.  Incise  each  adrenal  in  the  midline.  Open  the  urinary 
bladder  by  entering  through  the  urethra  and  cutting  along  the 
middle  of  the  anterior  wall.  Sponge  it  out  and  examine  it. 

Turn  the  whole  group  of  organs  over  so  that  the  anterior  sur¬ 
face  rests  on  the  table.  Find  the  upper  end  of  the  aorta  where  it 
has  been  cut  and  open  it  along  the  posterior  surface  following  down 
into  the  iliac  arteries  to  the  point  where  they  have  been  severed. 
Open  the  renal  arteries  as  far  as  the  kidneys.  Open  up  and  clean 
the  rectum. 

Take  each  kidney  and  make  a  median  sagittal  section  from  the 
outside  border  to  the  hilus.  Find  the  renal  pelvis.  Open  this  com¬ 
pletely  and  follow  it  down  with  probe-pointed  scissors  into  the  ure¬ 
ter  and  then  open  the  ureter  into  the  bladder.  Strip  the  capsule 
from  one-half  of  each  kidney  and  examine  the  capsular  surface. 

(b)  Male  Genital  Organs.— Sr Fr5/r/r-9.— Place  the 
fingers  of  the  left  hand  in  the  urinary  bladder  so  that  they  cover 
the  trigone  with  the  tips  of  the  fingers  at  the  base.  Pull  the  fundus 
of  the  bladder  down  over  the  fingers  and  with  a  section  knife  cut 
transversely  through  the  peritoneum  over  the  posterior  surface  of 
the  bladder.  Then  with  forceps  strip  back  the  peritoneum  and 
underlying  fat.  This  should  expose  the  seminal  vesicles  and  the 
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entrance  of  the  vasa  deferentia.  Make  several  transverse  sections 
through  these. 

Prostate. — Make  several  partial  transverse  sections. 

Testes.  Hy  blunt  dissection  with  the  lingers  make  an  o[)cning 
to  the  inside  of  the  inguinal  canal  between  the  pubis  and  the  skin. 
Pull  the  testis  up  through  this  and  make  a  longitudinal  incision 
[lassing  through  the  testis  and  the  epididymis. 

Pettis  (if  indicated )  .—-Make  an  opening  between  the  u[)per  bor¬ 
der  of  the  symphysis  pubis  and  the  skin.  Grasp  the  corpora  caver¬ 
nosa  with  the  urethra  and,  dissecting  them  carefully  from  the  skin, 
e\aginate  these  structures  until  the  glans  is  reached.  Cut  the  cor- 
poia  at  this  point.  The  urethra  can  then  be  opened  and  examined. 

The  penis  can  be  removed  in  conjunction  with  the  prostatic 
urethra  and  the  other  pelvic  organs  by  dissecting  it  free  just  as  de¬ 
scribed  and  drawing  it  through  an  opening  made  below  the  sym¬ 
physis  pubis  from  the  inside  of  the  pelvis.  The  whole  urethra  can 
then  be  opened  at  one  time. 

(£•)  Female  Genital  Organs.— and  Vagina.— Open  the 
vagina  by  an  incision  along  the  anterior  wall.  Examine  and  in¬ 
spect  the  cervix.  With  heavy  scissors  or  a  section  knife,  open  the 
uterine  cavity  by  a  midsagittal  section. 

Ovaries. — Examine  them  externally  and  make  a  longitudinal  in¬ 
cision  in  each. 

Inspect  and  open  them  by  cutting  them  from  the  fim¬ 
briated  end. 

c.  Jejunum,  Ileum  and  Colon 

Palpate  and  dissect  the  mesenteric  lymph  nodes.  Then,  start¬ 
ing  with  the  severed  end  of  the  jejunum,  open  it  by  cutting  just  to 
one  side  of  the  mesenteric  attachment  and  continue  down  to  the 
ileocecal  valve.  Pass  the  enterotome  through  the  ileocecal  valve 
and  open  the  colon  along  one  of  the  longitudinal  muscle  bundles 
down  to  the  rectum.  Wash  the  intestinal  tract  free  of  contents  in 
the  sink  and  examine. 

3.  En  Masse  Postmortem  Technique 

111  REMOVAL  OF  THE  ORGANS  “EN  MASSE” 

J-5y  blunt  dissection,  [lassing  the  fingers  retroperitoneally,  sepa¬ 
rate  the  pelvic  organs  and  the  pelvic  peritoneum  from  the  under¬ 
lying  bones  of  the  pelvis.  In  this  way  the  rectum,  the  bladder  and. 
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in  the  female,  the  internal  genital  organs  are  freed.  These  organs 
are  grasped  by  the  left  hand  and,  exerting  traction  upward,  the 
rectum,  the  vagina  in  the  female,  and  the  urethra  are  cut  close  to 
the  symphysis  pubis  by  a  knife  held  in  the  right  hand.  The  ar¬ 
teries,  veins  and  nerves  supplying  the  lower  extremities  must  also 
be  severed.  Next,  the  diaphragm  is  cut  along  its  entire  peripheral 
margin.  To  free  the  remainder  of  the  abdominal  organs  begin  on 
the  left.  Dissect  the  adrenal,  the  kidney  and  the  ureter  from  the 
underlying  muscles,  taking  care  not  to  injure  any  of  these  struc¬ 
tures.  The  dissection  should  be  continued  to  the  midline  of  the 
vertebral  column.  In  a  similar  manner  the  organs  on  the  right  side 
of  the  peritoneal  cavity  are  freed.  In  so  doing  the  liver  must  be 
displaced  toward  the  midline  and  great  care  must  be  taken  not  to 
injure  the  vena  cava.  When  these  procedures  are  complete  the  or¬ 
gans  of  the  abdominal  cavity  should  be  free  save  for  their  attach¬ 
ments  to  the  diaphragm. 

The  organs  of  the  thorax  must  then  be  freed.  By  blunt  dissec¬ 
tion  pass  the  fingers  beneath  the  origin  of  the  great  vessels,  the 
trachea  and  the  esophagus  and  tear  them  away  from  the  underly¬ 
ing  vertebral  column.  With  traction  downward  by  the  left  hand 
cut  through  these  structures  v/ith  a  knife  held  in  the  right  hand. 
If  the  pleural  adhesions  have  already  been  broken  or  cut,  the  whole 
contents  of  the  thorax  can  be  stripped  away  from  the  vertebral  col¬ 
umn  as  far  as  the  diaphragm.  At  the  completion  of  this  the  contents 
of  the  thorax  and  the  abdomen  should  be  lifted  from  the  body  and 
placed  in  a  large  pan  or  on  a  dissecting  board. 

(2)  EXAMINATION  OF  THE  ORGANS 

The  organs  are  ready  to  be  examined  and  a  routine  method 
such  as  that  described  by  Saphir  ( 1937)  should  be  followed. 

Open  the  vena  cava. 

Inspect  the  celiac  plexus  and  the  retroperitoneal  lymph  nodes. 

Dissect  out  the  adrenals  and  their  blood  vessels. 

Open  the  aorta  up  to  the  arch  and  examine  the  azygos  vein  and 
the  thoracic  duct. 

Dissect  the  abdominal  aorta  and  the  thoracic  descending  aorta 
free,  leaving  the  latter  attached  to  the  arch. 

Inspect  and  then  remove  the  kidneys,  the  ureters,  the  urinary 
bladder,  the  prostate  (the  ovaries,  the  tubes,  the  uterus  and  the 
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\agiiia)  and  tho  rc'ctuin  with  the  lower  portion  of  the  sigmoid.  In 
this  wa}(  tJie  genito-in inary  system  is  ke])t  intact.  I'kxamine  these 
organs.  In  the  male  the  si)ermatic  cord,  the  testis  and  the  epidid- 
\  mis  on  each  side  should  also  be  examined. 

Open  the  esoi)hagus,  beginning  at  the  upper  end.  Dissect  it 

away  from  the  organs  of  the  mediastinum,  but  leave  it  attached  to 
the  stomach. 

Sej^aiate  the  chest  organs  from  the  abdominal  organs  by  cut¬ 
ting  thiough  the  vena  cava  just  abo\’e  the  diaphragm. 

It  will  be  noted  that  the  thoracic  and  abdominal  organs  are  now 
divided  into  the  same  units  as  the  ones  described  under  the  Ghon 
technique,  save  for  the  fact  that  the  thoracic  portion  of  the  esoph¬ 
agus  is  still  attached  to  the  stomach  and  the  abdominal  aorta  has 

been  freed  from  the  abdominal  organs,  leaving  the  whole  aorta 
intact. 

These  groups  of  organs  can,  therefore,  be  opened  and  exam¬ 
ined  by  the  procedure  outlined  under  Ghon's  technique,  except  for 
the  fact  that  the  abdominal  aorta  cannot  be  opened  with  the  urinary 
system  but  can  be  examined  along  with  the  thoracic  aorta. 

4.  ROKITANSKY’S  AUTOPSY  TECHNIQUE 
il)  THORACIC  ORGANS 

The  Uiorax  and  abdomen  are  opened  in  the  usual  fashion  and 
the  cavities  and  organs  are  inspected  in  situ. 

The  contents  of  the  superior  mediastinum,  the  thymus,  the  large 
arteries  arising  from  the  arch  of  the  aorta,  and  the  superior  vena 
cava  with  its  branches,  are  identified  and  inspected. 

The  contents  of  the  pleural  cavities  having  been  e.xamined  and 
all  adhesions  broken  or  cut,  the  right  lung  is  lifted  out  of  the  pleural 
cavity  leaving  the  hilus  intact.  The  lung  is  displaced  medially  with 
the  left  hand  while  an  incision  is  made  through  the  medim-^tinal 
pleura  along  the  bodies  of  the  thoracic  vertebrae.  In  this  wav  the 
azygos  vein  and  the  thoracic  duct  are  laid  bare  and  insiiccted.  ’ 

I  he  right  lung  is  then  rested  on  the  external  surface  of  the  right 
anterior  thoracic  wall  and  is  held  by  the  left  hand  in  such  a  wav 
as  to  expose  the  anterior  half  of  the  medial  surface.  A  sectioli 
through  all  three  lobes  of  the  lung  is  made  starting  medially  about 
2  cm.  below  the  anterior  border  and  passing  almost  coinpletely 
through  the  lung  substance  in  a  curved  line  between  this  point  and 
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the  posterior  border.  The  lung  is  thus  divided  into  two  almost 
equal  halves.  The  cut  surface  is  examined  and  if  necessary  another 
section  is  made  starting  laterally  and  going  to  the  hilus.  The  lung 
is  then  replaced  in  the  thoracic  cavity. 

Next,  the  left  lung  is  similarly  lifted  out  of  the  thoracic  cavity 
and  rested  on  the  thoracic  wall  adjacent  to  it.  It  is  rotated  to  the 
left  in  such  a  way  as  to  expose  the  whole  medial  surface  and  a  cut 
similar  to  that  in  the  right  lung  is  made.  After  examination  it  is 
returned  to  the  thoracic  cavity. 

The  heart  and  the  pericardial  cavity  are  next  examined.  Open 
the  pericardium  by  picking  up  a  fold  in  the  anterior  wall  and  cut¬ 
ting  up  toward  the  base  and  down  toward  the  apex.  Grasp  the 
apex  of  the  heart  with  the  left  hand,  examine  the  organ  on  all  sides 
and  then  rotate  it  in  such  a  way  that  the  boundary  between  the 
right  ventricle  and  the  right  auricle  is  in  contact  with  the  cut  ends 
of  the  ribs  on  the  right.  The  left  border  of  the  left  ventricle  and 
the  left  wall  of  the  left  auricle  can  now  be  seen.  With  a  section 
knife  (amputation  knife)  cut  through  the  left  border  of  the  left 
ventricle  beginning  at  the  apex  and  continuing  in  a  line  leading  to 
the  junction  of  the  left  pulmonary  veins.  Do  not  cut  through  the 
mitral  valve  until  the  ventricle  has  been  opened,  the  contents  have 
been  pulled  out  and  the  lumen  of  the  valve  has  been  palpated. 
Then  the  point  of  the  knife  is  put  in  through  the  valve  and,  cutting 
from  inside  the  left  border  of  the  valve,  an  opening  is  made  and 
the  incision  continued  through  the  auricular  wall  to  the  point  where 
the  left  pulmonary  veins  empty  into  the  auricle.  The  left  auricle 
and  ventricle  can  then  be  examined.  The  anterior  and  posterior 
papillary  muscles  should  be  intact. 

The  heart  is  again  grasped  by  the  apex,  lifted  up  and  held  in 
such  a  way  that  the  right  ventricle  and  right  auricle  can  be  cut. 
This  is  accomplished  by  inserting  the  point  of  the  knife  through  the 
wall  of  the  apex  of  the  right  ventricle  and  cutting  from  the  inside 
out  in  a  line  leading  to  a  point  halfway  between  the  junction  of  the 
superior  and  inferior  venae  cavae.  The  incision  is  carried  up  to 
this  point  and  then  the  ventricle  and  auricle  can  be  opened,  cleaned 
and  examined. 

Next,  the  tip  of  the  apex  of  the  right  ventricle  is  held  between 
the  thumb  and  forefinger  of  the  left  hand,  the  thumb  being  in  the 
ventricular  cavity.  The  point  of  the  knife  is  passed  through  the 
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IHilinonary  conus  and  valve  to  a  point  o  can.  above  the  valve  and 
[)ushed  through  the  anterior  wall  of  the  artery.  Xow  the  pulmonary 
artery  and  the  anterior  wall  of  the  U'ft  ventricle'  are  cut  in  a  line 
toward  the  apex  of  the  ventricle,  keejring  as  close  to  the  anterior 
border  of  the  ventricle  as  possible. 

In  order  to  open  the  aorta  the  heart  is  grasped  once  more  by 
the  apex,  the  lingers  of  the  left  hand  holding  the  triangular  piece 
of  the  right  ventricle  in  place,  the  thumb  being  on  the  left  ven¬ 
tricle.  The  heart  is  lifted  and  rotated  so  that  the  knife  blade  can 
be  passed  in  through  the  left  ventricle  and  the  aortic  conus  into  the 
aorta.  I  he  point  of  the  knife  is  inserted  through  the  anterior  wall 
of  the  aorta  about  3  cm.  above  the  valves  and  the  incision  is  carried 
down,  cutting  through  the  aorta,  the  posterior  wall  of  the  irulmonary 
conus,  the  triangular  piece  of  the  anterior  wall  of  the  right  ventricle 
and  the  ventricular  septum. 

The  aorta  can  also  be  opened  by  a  method  already  described, 

/.  c.,  passing  the  blunt  end  of  the  enterotome  up  into  the  aorta  and 
cutting  across  the  pulmonary  artery  about  1  cm.  above  the  valve 
and  thus  continuing  into  the  aorta.  By  using  this  incision  the  ven¬ 
tricular  septum  is  not  cut  but  all  valves  may  be  inspected  and  the 

heart  is  in  a  more  intact  condition  to  be  kept  for  future  use  as  a 
gross  sfiecimen. 


(2;  ABDOMINAL  ORGANS 

K.xamme  caret ully  all  the  abdominal  organs  and  the  peritoneum. 

a.  Tin  Li  e'er.  1  he  left  hand  is  placed  between  the  right  lobe  of 
the  liver  and  the  diaphragm,  the  liver  is  raised  out  of  the  right 
hypochondrium  and  a  deep  transverse  cut  is  made  into  the  right 
and  left  lobes.  The  gallbladder  is  dissected  free  and  the  cystic  duct 
is  cut  clo.se  to  its  entrance  into  the  common  bile  duct.  The  gall¬ 
bladder  is  removed  and  opened.  To  take  out  the  liver  grasp  it  with 
the  left  hand,  the  thumb  on  the  under  surface,  the  fingers  in  the 
incision  which  has  already  been  made,  lift  it  up  and  cut  through  the 
hepatoduodenal  ligament  with  its  blood  vessels,  the  common  bile 
duct,  the  inferior  vena  cava,  the  falciform  and  the  coronary  li..- 
aments.  and  the  connective  tissue  over  the  right  adrenal.  The  liver 
can  now  be  removed  from  the  body  and  examined  further. 

In  .some  causes  it  will  be  found  advisable  to  leave  the  liver  in  the 
body  until  the  bile  ducts  ami  the  portal  vein  have  been  dissected  out, 


PA'I'IIOLOGICAT,  TEC'IINIQl’E 


b.  The  Spleen. — Lift  the  spleen  out  of  the  left  hypochondrium. 
rest  it  on  the  left  anterior  surface  of  the  ribs  and  cut  through  the 
spleen  from  the  diaphragmatic  surface  to  the  hilus.  It  can  be  re¬ 
moved  by  severing  the  structures  at  the  hilus. 

c.  The  Kidneys. — The  cecum  is  lifted  with  the  left  hand  and  to¬ 
gether  with  the  ascending  colon  is  freed  from  the  attachments.  It 
is  then  displaced  medially  exposing  the  right  kidney.  The  kidney  is 
grasped  with  the  fingers  of  the  left  hand  and  by  cutting  posteriorly 
and  laterally  with  the  knife  held  in  the  right  hand,  the  kidney  and 
the  adrenal  are  freed  from  their  attachments  except  the  blood  ves¬ 
sels  and  the  ureter.  The  blood  vessels  are  dissected  out  and  cut 
midway  between  their  origin  and  their  entrance  into  the  kidney 
The  ureter  is  not  cut.  The  kidney  is  held  in  the  left  hand  and  bi¬ 
sected  by  a  cut  from  its  convexity  to  the  hilus,  passing  in  the  mid¬ 
line  through  the  calyces  and  the  pelvis.  The  capsule  with  the 
surrounding  fat  is  stripped  from  both  halves  of  the  kidney  and 
then,  with  probe-pointed  scissors,  the  renal  pelvis  and  the  ureter 
are  opened  as  far  as  the  brim  of  the  pelvic  cavity.  Finally,  the 
adrenal  is  examined  by  making  a  sagittal  section  through  it. 

The  left  kidney  is  examined  in  the  same  way.  In  order  to  do 
this,  however,  the  descending  colon  must  first  be  separated  from  it. 

d.  The  Organs  of  the  Pehds. — The  organs  of  the  pelvis  are 
freed  by  blunt  dissection  with  the  fingers,  starting  in  the  prevesic- 
ular  space  and  extending  laterally  around  the  rectum.  These  or 
gans  are  grasped  with  the  left  hand  and,  while  traction  upward  is 
exerted,  the  various  structures  are  cut  close  to  the  floor  of  the 
pelvis.  The  connective  tissue  attachments  between  the  rectum  and 
the  coccygeal  bone  are  dissected  off,  and  the  organs  of  the  pelvis 
thus  freed  are  lifted  out  of  the  pelvis  and  spread  out  over  the  sym¬ 
physis  pubis.  The  iliac  veins  and  arteries  should  be  left  intact. 

In  the  male  the  shaft  of  the  penis  can  be  removed  with  the  or 
gans  of  the  pelvis.  The  primary  abdominal  incision  is  carried  down 
to  about  the  midportion  of  the  dorsum  of  the  penis,  then  the  cor¬ 
pora  cavernosa  and  the  urethra  are  freed  carefully  from  the  in¬ 
vesting  skin  and  divided  just  posterior  to  the  corona.  Dissect  these 
structures  back  to  the  pubic  arch  and  free  them  by  dissecting  from 
within  the  pelvis  until  the  shaft  of  the  penis  can  be  passed  under¬ 
neath  the  arch  into  the  pelvis. 

The  procedures  that  follow  differ  according  to  sex.  In  both 
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si'xes  It  i>  bfsl  first  to  open  the  ri'etimi  aloiirt  its  posterior  wall,  re- 
niovi'  its  contents  and  sixini^e  off  the  nuicosa. 

In  the  male  a  midliiu'  incision  is  made  in  the  anterior  wall  of 
the  bladder  starting  on  the  superior  surface.  Probe-pointed  .scksors 
are  used  and  the  incision  is  carried  down  throughout  the  length  of 
the  urethra.  Lxammc  the  o|)enings  of  the  ureters  in  the  bladder, 
the  ejaculatory  ducts,  the  prostatic  ducts  and  Cowper's  glands.  The 
testes  are  pulled  up  from  the  scrotum  through  an  o[)ening  made 
by  blunt  di.s.section  between  the  skin  and  Poupart’s  ligament.  Kach 
IS  cut  m  half  and  the  section  continued  through  the  head  of  the 
eiiididymis.  The  rectum  is  then  dissected  away  from  the  bladder, 
the  seminal  vesicles  are  dissected  out  and  incised. 

In  the  female  the  bladder  is  opened  by  cutting  with  probe- 
pointed  scissors  through  the  anterior  wall  of  the  urethra  and  con¬ 
tinuing  the  cut  up  the  midline  of  the  bladder.  The  vagina  and 
uteius  are  opened  either  by  a  midline  incision  in  the  anterior  wall 
cutting  the  urinary  bladder  into  halves,  or  in  the  posterior  wall, 
having  first  dissected  away  the  rectum.  In  the  center  of  the  fun- 
du.s  of  the  uterus  the  midline  incision  is  stopped  and  another  in¬ 
cision  is  carried  from  that  point  into  each  of  the  uterine  horns. 
Ihe  fallopian  tubes  are  opened  with  scissors  beginning  at  their 
distal  orifices.  Each  ovary  is  sectioned  longitudinally.  These  or¬ 
gans  are  removed  from  the  body  together  with  the  kidneys  and  the 
ureters. 


Ihe  stomach,  the  intestines  and  the  pancreas  are  still  in  the  ab¬ 
dominal  cavity. 

c.  The  Stomach.~\  4  cm,  incision  is  made  in  the  anterior  wall 
of  the  pylorus  and  the  contents  examined.  This  incision  is  then 
carried  up  parallel  to  the  lesser  curvature  of  the  stomach,  about  2 
cm.  below^  it,  as  far  as  the  cardia  and  lower  portion  of  the  esophagus. 

/.  1  he  Duodenum. — The  transverse  colon  is  di.ssected  free. 
Then  the  incision  in  the  anterior  wall  of  the  pylorus  is  continued 
along  the  anterior  wall  of  the  duodenum  as  far  as  the  junction  with 
die  jejunum.  Next,  the  mucosa  of  the  stomach  and  the  duodenum 
IS  carefully  washed  off  and  examined.  The  bile  duct  is  opened  down 
into  the  duodenum. 

g.  The  Vancrras.—(T\\V  through  the  mesentery  where  it  is  at¬ 
tached  to  the  stomach,  d'hc  stomach  is  then  di.splaced  upward  and 
the  transverse  colon  downward  exposing  the  pancreas.  The  pan- 
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crcas  is  cut  diagonally  across,  the  pancreatic  duct  identified,  probed 
and  then  opened  up. 

//.  The  Small  Intcsthic. — Begin  in  the  lowest  portion  of  the 
ileum.  Incise  and  cut  with  the  enterotome  along  the  under  surface 
adiacent  to  the  insertion  of  the  mesentery.  Continue  this  up  to  the 
duodenum,  examining  each  portion  as  it  is  opened. 

/.  The  Colon. — Return  to  the  ileocecal  valve.  Pass  the  blunt 
end  of  the  enterotome  through  the  ileocecal  valve  into  the  cecum 
and  continue  cutting  along  the  anterior  muscle  band  until  the  whole 
colon  is  opened. 

This  method  has  the  advantage  that  the  intestine  remains  at¬ 
tached  to  its  mesenteries  and  any  abnormalities  in  the  blood  or 
lymph  supply  of  the  gut  can  be  traced. 

Finally,  the  appendix  is  opened  by  entering  through  the  cecum 
and  cutting  into  the  lumen  with  probe-pointed  scissors. 

The  stomach  and  the  intestines,  together  with  the  pancreas,  are 
then  removed  from  the  body. 

The  inferior  vena  cava,  the  iliac  veins  and  the  abdominal  aorta 
with  its  branches  are  dissected  and  opened.  Also,  the  lymphatics 
and  the  nerve  plexuses  of  the  abdomen  can  be  dissected  out. 

Next,  examine  the  diaphragm  which  should  still  be  intact,  and 
finally  the  vertebral  column  and  the  pelvis. 

5.  Advantages  and  Disadvantages  of  the  Different 

Autopsy  Methods 

The  Virchow  technique  is  excellent  for  demonstrating  patho¬ 
logical  changes  in  individual  organs,  but  the  relationships  between 
the  various  organs  are  sometimes  hard  to  interpret.  It  has  the 
advantage  that,  in  cases  where  the  chief  interest  centers  about  one 
organ,  this  organ  can  be  immediately  removed  and  examined. 

The  “en  masse”  technique  undoubtedly  preserves  relationships 
more  satisfactorily  tlian  the  other  methods.  It  has  perhaps  the 
disadvantage  that  it  is  a  .somewhat  lengthy  one.  It  is  also  difficult 
to  carry  out  without  the  aid  of  an  assistant.  It  cannot  be  done  in 
cases  that  are  limited  to  small  incisions. 

d'he  “en  bloc”  technique  is  a  sort  of  compromise  between  the 
two  methods  already  mentioned.  It  preserves  relationships  very 
satisfactorily.  It  is  somewhat  sinijiler  for  one  person  to  execute. 
It  has  the  disadvantage  that  the  aorta  and  the  esophagus  are  cut 
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lit  (ho  (iiaphiaiiin.  I  horoloro.  in  oases  ol  cirrhosis  of  the  liver 
whore  esophageal  varices  are  of  importance,  and  in  lesions  of  the 
aorta  such  as  dissecting  aneurysms,  some  other  techni(|ue  shouki  be 
followed.  'Fhe  method  of  opmhng  the  gastro-intestinal  tract  while 
still  attached  to  the  mes<“nti“ry  is  considered  l)y  many  to  be  too  time- 
consuming  to  be  worth  while.  The  .solution  for  this  is,  probably, 
that  this  step  in  the  techni(|ue  need  be  emidoyed  only  when  a  gas¬ 
tro-intestinal  lesion  is  i)resent  of  a  type  in  which  the  blood  sup|)ly 
and  the  lymphatic  drainage  are  important. 

I  he  I\okitan>ky  techni(|ue  is  used  but  little  in  this  country.  .As 
a  routine  procedure  it  has  no  great  advantages  over  the  others.  .A 
knowledge  of  it,  however,  enables  the  prosector  to  e.xamine  and  oi^en 
any  of  the  thoracic  and  abdominal  organs  without  removing  them 
trom  the  body.  This  is  sometimes  an  advantage  when  s[)eed  is 
necessary  or  when  autopsies  are  done  in  the  home. 

6.  Postmortem  Examination  of  the  Central  Nervous 
System  and  of  the  Head 

(1)  REMOVAL  OF  THE  BRAIN 

d'he  incision  into  the  scalp  (Fig.  9.  .A)  should  begin  from  1  to  2 
cm.  behind  the  right  ear.  near  its  lower  border,  and  e.xtend  over  the 
vertex  of  the  skull  to  a  corresponding  point  behind  the  left  ear. 
The  cut  IS  most  easily  made  by  thrusting  a  small  narrow-bladed 
scalpel,  with  its  back  toward  the  calvarium  and  its  [loint  toward  the 
vertex,  through  the  skin  behind  the  ear  and  carrying  it  along  in 
the  desired  diiection.  By  making  the  incision  in  this  manner  the 
hair  is  not  cut,  but  simply  parted.  The  anterior  llap  should  be 
stripped  nearly  as  far  forward  as  the  orbits  from  the  calvarium  and 
the  temporal  muscles,  by  .stretching  the  llap  and  dividing  the  loose 
connective  tissue  holding  it  with  sweeping  strokes  of  the  scalpel 
After  a  part  of  the  llap  has  been  freed  it  is  often  possible  to  strip 
the  rest  without  using  the  .scalpel.  For  the  posterior  flap,  which 
should  be  removed  back  as  far  as  the  occipital  [irotuberance,  the 
-calpel  nearly  always  has  to  be  used. 

If  the  hair  is  long,  the  anterior  irortion  can  be  rolled  into  the 
antenor  flap  over  the  face  and  thus  protected.  The  posterior  por 
tion  is  gathered  at  the  najie  ol  the  neck,  and  then  a  towel  is  wra[)ped 
tightly  around  the  head  and  neck,  extending  from  the  line  where  the 
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flaps  are  reflected  down  to  the  shoulders,  and  is  pinned  over  the 
lower  part  of  the  forehead.  In  this  manner  the  hair  is  protected 
from  being  soiled  and  ample  room  is  left  for  work. 

There  are  two  methods  commonly  used  for  opening  the  skull. 
One  is  to  make  a  circular  incision  around  the  skull  starting  about 
5  cm.  above  the  orbits  and  continuing  in  a  line  passing  about  2  cm. 
above  the  external  auditory  meatus  on  each  side.  This  gives  an 
opening  large  enough  for  the  removal  of  the  brain  but  presents  the 
difficulty  that  when  the  calvarium  is  replaced  at  the  end  of  the 
autopsy  it  is  difficult  to  keep  it  in  place.  To  obviate  this  to  a 
certain  extent  the  following  procedure  is  used.  Two  holes  are  bored 
into  the  cut  edge  of  the  base,  one  in  the  center  of  the  frontal  area 


Fig;.  9.— Method  of  opening  the  head.  Diagram  of  incisions  followed  in  removal 
of  the  brain.  A,  Incision  in  scalp;  B,  posterior  view  showing  saw  cuts  in  the  skull; 
C,  lateral  view  showing  saw  cuts  in  the  skull. 

and  the  other  over  the  occiput.  Steel  or  brass  pins  are  driven  into 
these  holes.  Then  corresponding  holes  are  drilled  in  the  corre¬ 
sponding  portions  of  the  calvarium  and  it  is  then  put  in  place  by 
driving  the  free  end  of  the  pins  into  these  holes. 

A  method  that  is  much  more  frequently  used  in  this  country  and 
is  probably  simpler  consists  of  removing  the  calvarium  by  means  of 
several  saw  cuts  (Fig.  9,  B  and  C),  as  a  result  of  which  an  irreg¬ 
ular,  wedge  shaped  lower  edge  is  produced  which  automatically 
holds  the  calvarium  in  position  when  replaced.  The  wedges  are 
made  by  three  cuts,  which  should  be  outlined  on  the  periosteum  of 
the  skull  with  a  scalpel.  The  first  cut  begins  just  above  and  behind 
the  left  ear,  and  is  carried  over  the  forehead  just  back  of  the  edge 
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(>1  the  hair  or  over  (he  frontal  eniiiKaiees  to  a  eorrespondin^r  |„,in( 
above  and  behind  the  ri^dit  ear.  The  two  other  cuts  be^in  at  eaeh 
end  ot  the  first  ineision.  formin'^  there  ;tn  ol)tiise  angle,  and  are 
earned  baek  to  meet  in  the  median  line  behind  at  an  angle  of  about 
lt)0  a  little  in  trout  ol  the  oeci|)ital  i)rotub(‘ranee.  After  thus  out¬ 
lining  the  cuts  the  temporal  muscle  on  each  side  is  severed  ;dong 
the  line  of  the  incision  and  dis.sected  oitt  of  the  way  of  the  sa\v 
without  cutting  either  the  uiipcr  or  the  lower  attachment.  Tlie 
holder  for  the  head,  if  one  is  u.sed,  is  attached  with  a  foot  in  each 
obtuse  angle  in  the  temporal  region.  If  a  holder  is  not  employed, 
the  head  is  best  steadied  by  hands  on  the  calvarium  and  face.  Use 
towels  or  a  cloth  to  prevent  slipping. 

Stait  the  incision  with  the  saw  at  the  forehead  and  e.xtend  it 
back  along  the  lines  marked  out.  It  is  best  not  to  carry  the  incision 
clear  through  the  inner  table  of  the  bone  for  two  reasmis:  first,  on 
account  of  the  danger  of  injuring  the  brain  substance;  secondly, 
because  if  the  inner  table  or  a  part  of  it  is  cracked  through  with  a 
chisel  and  hammer,  it  can  be  done  without  injuring  the  underlying 
tissue,  and  the  irregular  overlapping  fragments  of  bone  thereby 

lormed  serve  afterward  for  holding  the  calvarium  firmly  and  steadily 
in  place. 

After  the  sawing  is  completed,  insert  a  chisel  in  the  frontal  re¬ 
gion  and  with  a  quick,  sharp  blow  crack  through  the  rest  of  the 
inner  table.  In  like  manner  insert  the  chisel  in  the  middle  of  the 
other  cuts  and  free  the  calyarium  posteriorly.  To  remove  the 
loo.sened  calvarium  insert  the  chisel  end  of  the  hammer  in  the  inci¬ 
sion  in  the  frontal  region,  and  press  down  with  the  left  hand  while 
swinging  the  handle  around  in  a  horizontal  plane.  By  means  of  the 
powerful  jiurchase  thus  obtained,  any  remaining  bony  attachments 
of  the  calvarium  are  easily  broken.  Then,  by  catching  the  hook  of 
the  hammer  over  the  calvarium,  it  may  be  freed  by  prying  it  off 
with  the  point  of  a  closed  enterotome.  The  calvarium  should  be 
e.xamined  after  it  has  been  remov'ed. 

In  young  children,  and  .sometimes  in  old  people,  it  is  necessary 
to  remove  the  dura  with  the  calvarium.  To  do  this,  cut  through 
the  dura  with  the  point  of  a  .scalpel  along  the  lines  of  (he  incision 

in  (he  skull;  then  cut  the  falx  cerebri  in  the  median  line  both  an¬ 
teriorly  and  [losteriorly . 

I  he  opening  ol  (he  skull  and  the  examination  of  (he  brain  in 
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newborn  infants  and  very  young  children  is  best  carried  out  by  a 
sjiecial  technique.  The  details  of  this  will  be  found  on  pages  366-371. 

In  cases  of  fracture  of  the  skull  no  cracking  with  the  hammer 
and  chisel  is  permissible;  the  calvarium  must  be  freed  entirely  by 
sawing. 

The  next  step  after  the  removal  of  the  calvarium  is  the  inspec¬ 
tion  of  the  dura.  Under  normal  conditions  it  is  not  ten.se  in  the 
frontal  region,  but  can  be  picked  up  with  forceps  or  fingers.  If  the 
dura  is  not  thickened  the  convolutions  normally  should  be  visible 
through  it.  The  superior  sagittal  sinus  is  opened  with  a  knife  or 
scissors  and  its  contents  examined.  Pacchionian  granulations  are 
not  infrequently  found  projecting  into  it. 

To  remove  the  dura,  cut  through  it  with  scissors  or  a  knife  along 
the  same  lines  in  which  the  calvarium  was  sawed.  Turn  back  each 
half  of  the  dura  and  examine  the  surface  of  the  convolutions  and 
the  inner  surface  of  the  dura.  The  convolutions  should  be  distinct 
and  rounded,  not  flattened  with  obliteration  of  the  gyri  as  occurs 
when  there  is  internal  pressure.  There  may  be  apparent  adhesions 
between  the  dura  and  pia  due  to  veins  passing  from  one  to  the  other. 

The  dura  is  still  further  freed  by  seizing  it  anteriorly  and  lifting 
it  until  the  falx  is  tense  at  its  insertion  into  the  crista  galli  of  the 
ethmoid.  Pass  a  knife,  with  the  edge  forward,  parallel  to  the  falx 
on  the  left  side,  in  as  far  as  the  cribriform  plate;  turn  it  to  the 
right  and  cut  until  the  falx  yields.  Withdraw  the  knife  in  the  same 
manner  in  which  it  was  inserted.  Next,  draw  the  dura  back.  It 
is  usually  more  or  less  attached  along  the  longitudinal  fissure  by 
pacchionian  granulations  and  by  blood  vessels.  These  structures 
may  be  torn  or  cut  through.  Do  not  cut  the  dura  posteriorly,  but 
let  it  hang  down. 

To  remove  the  brain,  insert  the  two  forefingers  or  the  first  and 
second  fingers  of  the  left  hand  anteriorly  between  the  dura  and  the 
frontal  lobes,  one  on  each  side  of  the  falx  cerebri,  and  draw  the 
brain  gently  back  until  the  optic  nerves  are  visible.  Ordinarily,  the 
olfactory  nerves  come  away  from  the  cribriform  plate  without 
trouble,  but  sometimes  they  have  to  be  freed  with  the  point  of  a 
knife.  With  a  long,  slender-bladed  knife  divide  the  optic  nerves  as 
far  forward  as  possible  while  holding  the  bicun  back  with  the  left 
hand.  (Continue  to  draw  the  brain  carefully  back  and  divide  the 
cranial  nerves  and  the  internal  carotid  arteries.  Then  draw  forward 
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first  the  left,  then  the  ri^hl  teniiionil  lobe,  and  rut  the  tentorium 
eerehelh  close  to  its  attachment  to  the  |H'trous  portion  of  the  tem¬ 
poral  bone,  usin-  the  tip  of  the  knife  with  a  sawing  motion.  Insert 
the  knife  laterally  close  to  the  inner  srjuamous  portion  of  the  oc¬ 
cipital  bone,  and  cut  from  there  in  toward  the  foramen  magnum. 
Then  sever  the  nerves  given  off  from  the  medulla  oblongata  while 
supporting  the  convexity  of  the  brain  in  the  left  hand. 

L<istl>,  carry  the  knife  as  far  as  possible  into  the  spinal  canal 
and  divide  the  cervical  cord  by  an  oblique  incision  from  each  side, 
se\ering  the  vertebral  arteries  with  the  same  stroke.  .A  myelotome 
IS  better  than  a  knife,  because  it  gives  a  cross-section  of  the  cord 
and  allows  more  of  it  to  be  removed. 

I  he  brain  can  now  be  taken  out  by  passing  the  first  and  second 
Ungers  of  the  right  hand  in  on  either  side  of  the  cord,  and  everting 
the  brain  while  still  supporting  it  posteriorly  with  the  left  hand. 

Before  proceeding  with  the  opening  of  the  brain  it  is  best  to 
examine  the  base  of  the  skull,  particularly  the  dura,  of  which  the 
sinuses  should  be  incised,  and  the  pituitary  gland. 

If  a  fracture  at  the  base  is  suspected,  strip  off  the  dura,  in  order 
to  give  a  better  opportunity  for  an  examination  of  the  bone. 

1  he  brain  should  be  weighed  before  it  is  dissected. 

(2)  EXTERNAL  EXAMINATION  OF  THE  BRAIN 

Place  the  brain  with  the  base  uppermost  and  with  the  cerebel- 
um  toward  the  prosector.  Examine  first  the  pia  mater  and  the 
cranial  nerves,  then  the  arteries,  especially  the  middle  cerebral  ar¬ 
teries  and  their  branches  running  in  the  fissure  of  Sylvius,  for  it  is 
here  that  emboli  most  frequently  lodge.  The  pia  bridging  the  fis¬ 
sure  of  Sylvius  can  .sometimes  be  torn  through,  but  usually  has  to 
be  cut. 

It  IS  important,  particularly  in  cases  of  obscure  cerebral  symp¬ 
toms,  to  feel  gently  with  the  fingertips  all  over  the  surface  of  the 
brain  for  any  areas  of  increased  or  decreased  densitv,  because 
patches  of  sclerosis  and  softening  may  in  that  way  be  found  which 
might  otherwise  be  overlooked. 

By  stripping  off  the  pia  mater,  a  procedure  not  often  advisable, 
adhesions  over  pathological  area.s  can  sometimes  be  found  pointing 
to  the  lesions  beneath,  but  the  pia  should  not  be  stripped  from  tho.se 
portions  which  are  to  be  examined  microsco[)ically.  To  remove  the 
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pia  an  incision  is  made  in  it  the  length  of  the  median  surface  of  each 
hemisphere  just  above  the  corpus  callosum,  and  the  pia  stripped 
back  first  from  the  median  and  then  from  the  convex  surface.  The 
stripping  is  done  by  means  of  the  fingers,  with  occasional  aid  from 
forceps. 

(3)  SECTIONING  OF  THE  BRAIN 

To  examine  and  section  a  brain  in  a  way  that  will  be  satisfac¬ 
tory  both  to  the  general  pathologist  and  to  the  more  specialized 
neuropathologist  is  difficult.  This  is  due  to  the  fact  that  the  brain 
is  a  very  complicated  organ  and  may  be  affected  by  a  great  variety 
of  lesions  both  focal  and  diffuse.  P'urthermore,  its  consistence  when 
fresh  is  such  that  it  is  somewhat  difficult  to  handle  without  dis¬ 
tortion. 

There  are  two  extremes  of  opinion  as  to  which  is  the  best  method 
of  procedure.  One  group,  mostly  neurologists  and  some  neuro¬ 
pathologists,  feels  that  the  brain,  after  an  external  examination, 
should  be  fixed  and  hardened  by  suspending  it  in  a  solution  of  10 
per  cent  formalin  for  2  to  3  weeks  before  it  is  sectioned.  After  this 
is  done  the  brain  is  cut  with  a  brain  knife  into  a  series  of  frontal 
sections  each  from  0.5  to  1  cm.  in  thickness.  The  obvious  advan¬ 
tage  of  this  method  is  that  the  sections  are  easily  cut  and  the  exact 
location  and  extent  of  any  gross  lesions  can  be  readily  identified. 
There  are,  however,  rather  serious  disadvantages.  The  delay  before 
any  pathological  diagnosis  can  be  made  is  discouraging  to  both 
clinician  and  pathologist.  The  brain  tissue  is  by  necessity  put  into 
only  one  fixative,  /.  c.,  formalin,  thus  limiting  the  number  of  stains 
that  can  be  done  on  it.  Finally  and  perhaps  most  important,  the 
formalin  penetrates  slowly  into  the  central  portions  of  the  biain 
substance,  as  a  result  of  which  these  portions  lose  all  their  finer 
histological  detail  before  they  are  properly  fixed. 

The  other  extreme  is  represented  by  the  group  of  pathologists 
who  use  the  old  Virchow  technique  for  opening  the  brain.  This 
method  consists  essentially  of  sectioning  the  cerebrum  by  a  series 
of  partial,  more  or  less  sagittal,  cuts  parallel  to  the  external  wall 
of  each  lateral  ventricle.  This  is  done  on  fresh  brain  tissue.  It 
will  uncover  immediately  any  gross  lesions  and  at  the  same  time 
histological  material  can  be  obtained  and  put  into  different  fixatives, 
d'his  procedure  also  has  dLsadvantages.  Except  in  the  hands  of  the 
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vcM-y  t'xperitMiced  tlu'  exact  location  of  the  lesions  is  hard  to  iden¬ 
tity.  I  he  brain  substance  is  so  mutilated  by  the  .sectioning  that 
subse(|uent  lixation  of  tlu'  remaining  tissue  is  unsatisfactory  and  the 
identitication  of  various  anatomical  landmarks  almost  impossible. 

('.ood  gross  .specimens  are  difficult  to  obtain  when  this  method  is 
Used. 

I  he  details  ol  the  Virchow  techni(|ue,  which  is  now  rarely  used, 
will  be  given  later.  '  ’ 


o.  Procedure  for  Making  Frontal  Sections 

In  general,  a  method  by  which  a  series  of  frontal  .sections  is 
made  through  the  cerebrum  while  it  is  still  unfixed  is  the  most 
.satislactory  one.  The  areas  through  which  the.se  sections  should 
!)ass  may  be  determined  by  the  clinical  history  of  the  case  or  by 
the  general  findings  of  the  autop.sy.  In  many  cases  in  which  a  large 
area  of  softening  or  hemorrhage  is  present,  this  can  be  located  by- 
palpation  and  the  first  cut  should  then  be  made  through  its  center. 
It^  extent  can  be  traced  by  incisions  on  each  side  of  the  original  cut. 
In  cases  in  which  the  location  of  the  lesion  is  unknown  a  routine 
series  of  frontal  sections  should  be  cut.  In  doing  this  three  things 
are  of  importance.  In  the  first  place  the  brain  should  be  left  as 
intact  as  possible;  secondly,  no  attempt  should  be  made  to  cut  the 
slices  of  fresh  tissue  thinner  than  1.5  to  2  cm.  The  section  knife 
should  be  moistened  in  water  ( 1.8  per  cent  saline  should  be  used  to 
avoid  distortion  of  the  surface  tissue)  before  trying  to  cut  the 
biain  Ussue.  In  the  third  place  a  definite  routine  should  be  fol¬ 
lowed  in  making  the  sections.  The  location  of  the  sections  should 
be  so  chosen  that  they  will  pass  through  important  areas  and  areas 
where  the  anatomical  landmarks  can  be  easily  recognized. 

.  Immediately  after  the  external  examination  of  the  brain  it  is 
■sectioned  as  a  whole,  in  order  to  obtain  a  .satisfactory  comparison 
between  the  .same  portions  of  the  two  halves  of  the  brain.  A  .series 
ol  six  fmntal  sections  parallel  to  the  fissure  of  Rolando  should  be 
nnide.  The  names  of  these  sections,  as  described  by  Pitres  (  Bourne- 
ville  and  Bncon,  1885  )  and  the  important  parts  they  show  (  Fig.  10) 
are  as  follows: 

1.^  I  he  prefrontal  section  (1-1)  through  the  frontal  lobe,  5  cm. 
anterior  to  and  [larallel  to  the  fissure  of  Rolando,  shows  the  gray 
and  white  substance  of  the  frontal  convolutions. 
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2.  The  pediculofrontal  section  (2-2  )  through  the  posterior  por¬ 
tions  of  the  three  frontal  convolutions,  2  cm.  in  front  of  the  fissure 
of  Rolando,  shows  the  frontal  convolutions,  the  anterior  extremity 
of  the  insula,  the  posterior  extremity  of  the  orbital  convolutions, 
the  lenticular  and  the  caudate  nuclei,  and  the  internal  capsule. 

3.  The  frontal  section  (3-3)  through  the  anterior  central  con¬ 
volution,  parallel  to  the  fissure  of  Rolando,  shows  the  anterior  cen¬ 
tral  convolution,  the  optic  thalamus,  the  lenticular  and  the  caudate 
nuclei,  the  claustrum,  the  external  and  the  internal  capsules,  the  an¬ 
terior  portion  of  the  descending  horn  of  the  lateral  ventricle,  and 
the  lobule  of  the  insula. 

Fissure  ot  Rolando 


Fig.  10. — Dorsolateral  surface  of  the  cerebrum  showing  the  position  of  the  cuts  made 

in  sectioning  the  brain. 


4.  The  parietal  section  (4-4)  through  the  posterior  central  con¬ 
volution  shows  portions  of  the  same  structures  as  the  preceding,  and 
a  transverse  view  of  the  hippocampus. 

5.  The  pedicLiloparietal  section  (5-5)  through  the  parietal  lobe, 
3  cm.  posterior  to  the  fissure  of  Rolando,  shows  the  tail  of  the 
caudate  nucleus  in  two  places  and  the  posterior  portion  of  the  optic 
thalamus. 

6.  The  occipital  section  (6-6)  through  the  occipital  lobe,  I  cm. 
in  front  of  the  parieto-occipital  sulcus,  shows  simply  the  white  and 
grav  matter  of  the  occipital  lobe,  especially  the  area  calcarina. 

The  cerebellum  and  medulla  oblongata  are  examined  next. 

The  pediculoparietal  section  (  5-5  )  severs  the  cerebellum  and 
medulla  together  with  the  occipital  lobes  from  the  rest  of  the 
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corebrum.  A  scries  of  two  or  throe  frontal  sections  (sli^^htly  thin¬ 
ner  than  those  of  the  cerebrum)  are  tlien  made  throuf^h  the  cerelx'l- 
him,  midbrain  and  medulla  and  examined  for  lesions.  If  it  is 
necessary  to  search  for  small  lesions,  a  series  of  sagittal  sections  may 
be  cut  through  each  half  of  the  cerebellum. 

I  pon  completion  of  the  examination  of  the  fresh  gross  sections 
of  the  brain,  certain  re[iresentative  areas  are  .selecterl  from  which 
small  pieces  (2.S  mm.  by  mm.,  unless  the  size  of  the  lesion  in¬ 
dicates  a  larger  piece),  not  more  than  0.5  cm.  in  thickness,  are  to  be 
cut  for  immediate  fixation. 

Where  focal  gross  lesions  exist,  pieces  should  be  taken  from  both 
the  lesions  and  the  adjacent  areas. 

Block  I 


Fic.  IF  -Dor..olateral  .surface  of  the  right  cerebral  hemisphere  indicating  the  po.sition 
of  the  principal  bloclcs  to  be  removed  from  that  aspect  of  the  brain  for  fixation. 


W  henever  no  gross  lesions  are  present  a  fairly  wide  sampling  is 
recommended.  A  choice  of  areas  which  has  gained  favor  in  a  num¬ 
ber  of  laboratories  is  as  follows; 

1.  Anterior  and  posterior  central  convolutions  (precentral  and 
postcentral  gyri).-A  block  (Fig.  11,  Block  1)  is  taken  from  the 
motor  and  the  .sensory  area  on  either  side  of  the  fissure  of  Rolando 

igh  up  on  the  convexity  of  the  hemi.sphere  near  the  interhemis- 
pheric  cleft.  The  motor  portion  controls  the  lower  trunk  and  thigh 
muscles  and  the  Betz  cells  here  are  of  large  size.  The  sensory  por¬ 
tion  IS  the  area  subserving  the  skin,  joint  and  muscle  senses.’ 

2.  Frontal  lobe.— A  section  (Fig.  11,  Block  2)  is  taken  from 
the  interhemisfiheric  margin  at  the  frontal  pole.  This  is  the  .so- 
Ciilled  anterior  association  zone. 
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3.  Hippocampus. — Blocks  (Fig.  12,  Block  3)  are  taken  from 
the  inner  edge  of  the  temporal  lobe  opposite  the  crura  cerebri,  near 
the  uncus,  and  represent  the  area  of  olfactory  function  and  its 
more  complicated  associations.  This  area  is  selected  on  account  of 
its  vulnerability,  which  makes  it  a  sort  of  indicator  for  the  ade¬ 
quacy  or  inadequacy  of  the  cerebral  circulation,  not  on  account  of 
the  rather  insignificant  functions,  at  least  in  humans,  which  are 
localized  there. 

4.  Occipital  lobe. — From  the  occipital  pole  adjacent  to  the  cal¬ 
carine  fissure  a  sample  (Fig.  12,  Block  4)  is  taken  which  repre¬ 
sents  the  area  striata  which  can  be  identified  with  the  naked  eye 
because  of  the  prominent  white  line  parallel  to  the  cortex  surface 


Fig.  12. — Medial  surface  of  the  right  cerebral  hemisphere  indicating  the  position  of 
the  principal  blocks  to  be  removed  from  that  aspect  of  the  brain  for  fixation, 

and  about  midway  in  its  depth.  This  is  the  ‘‘arrival  platform  ’ 
subserving  vision. 

5.  Hypothalamic  region. — A  sample  (Fig.  13,  Block  5)  is  taken 
from  the  surface  exposed  by  the  third  frontal  section  and  should 
include  the  hypothalamus,  the  mammillary  body  and  the  adjacent 
thalamus. 

6.  Basal  ganglia. — A  second  block  (Fig.  13,  Block  6)  is  taken 
from  the  surface  exposed  by  the  third  frontal  section  in  the  region 
of  the  caudate  nucleus,  the  internal  capsule,  the  lentiform  nucleus 
and  the  thalamus. 

7.  Medulla  oblongata. — A  section  (Fig.  13,  Block  7)  of  the 
medulla  which  includes  a  j■)ortion  of  the  inferior  olive  and  the 
nucleus  of  the  vagus  is  chosen  for  fixation. 
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8.  (Vrt'hcliuni.  A  representative  piece  (  I‘'ig.  13,  Block  8)  in¬ 
cluding  cerebellar  cortex,  white  matter  and  dentate  nucleus  is  re¬ 
moved  for  histological  examination. 

In  most  ca.ses  it  is  not  necessary  to  take  pieces  for  fixation 
routinely  from  all  the  regions  mentioned  above.  Whenever  there 
is  no  evidence  ol  any  gross  pathological  changes  and  no  clinical 
mptom.''  ha\'e  been  recorded,  Blocks  2  and  5  should  suffice.  If 


tifi.  13.  Section  through  the  brain  in  the  direction  of  the  cerebral  peduncles 
viewed  anteriorly.  In  the  left  half  of  the  cerebellum  a  second  cut  has  been  made 
parallel  to  the  first  but  further  dor.salward.  The  [losition  of  the  principal  blocks  to 
be  removed  from  this  .section  of  the  brain  for  luxation  is  indicated, 

slight  clinical  symptoms,  such  as  drow'siness,  have  been  noted  and 
no  gross  pathological  changes  are  present,  Blocks  1,  2,  3,  and  5 
should  be  taken.  In  cases  with  a  record  of  severe,  generalized 
clinical  symptoms  and  no  gross  pathological  findings,  samples  from 
all  regions  described  above  should  be  fixed  for  histological  study. 

b.  VIRCHOW’S  Method 

I  he  brain  is  placed  on  its  base,  the  cerebellum  toward  the  pro- 
seettfr.  Press  the  hemisjfheres  a[)art  a  little  so  tis  to  expose  the 
corpus  callosum.  Hold  the  left  h;df  of  the  cerebrum  in  the  left 
hand  with  the  fingers  on  the  lateral  aspect  and  the  thumb  in  the 
longitudinal  iissure.  1  hen  make  an  almost  vertical  incision  with  a 
long  slender  knife  through  the  roof  of  the  left  lateral  ventricle  in 
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its  middle  third,  2  to  3  mm.  from  the  median  raphe  of  the  corpus 
callosum,  d  he  roof  of  the  ventricle  is  slightly  raised  vertically  by 
the  thumb,  so  that  the  incision,  which  must  not  be  too  deep,  does 
not  injure  the  basal  ganglia.  The  incision  should  be  continued  into 
the  anterior  and  posterior  cornua.  Then  make  a  long  incision  from 
the  one  end  of  the  above  cut  to  the  other,  passing  just  outside  of 
the  basal  ganglia  at  an  angle  of  about  45°.  Repeat  the  process  on 
the  right  side,  turning  the  brain  half  around.  Next,  seize  what  re¬ 
mains  of  the  corpus  callosum  and  the  fornix  in  the  middle,  lift  them 
and  cut  through  from  below  up,  passing  the  knife  through  the  fora¬ 
men  of  Monro.  The  parts  are  then  turned  back,  exposing  the  tela 
choroidea  of  the  third  ventricle  and  the  choroid  plexuses.  By  draw¬ 
ing  back  the  tela  choroidea  the  third  ventricle  is  uncovered. 

The  corpora  quadrigemina  are  exposed  by  cutting  transversely 
the  right  posterior  pillar  of  the  fornix  and  the  adjoining  brain  sub¬ 
stance  and  carrying  them  over  to  the  left.  Each  ventricle,  as  it  is 
opened,  should  be  carefully  inspected  and  any  abnormal  condition 
of  its  ependyma  noted.  The  cortex  is  further  divided  on  one  side, 
and  then  on  the  other,  by  holding  it  in  the  left  hand  and  making 
vertical  straight  sections  from  the  upper  angle  of  the  previous  cut 
into  the  convex  cortex,  allowing  the  sections  to  fall  apart,  in  order 
to  avoid  touching  and  soiling  the  surface  with  the  knife  or  fingers. 
Each  portion  thus  cut  represents  a  prism.  The  incisions  should  go 
well  into  the  cortex,  but  not  so  far  as  to  separate  the  different  pieces. 
The  basal  ganglia  are  examined  by  means  of  a  number  of  frontal 
sections.  For  this  purpose  the  left  hand  is  placed  palm  upward 
underneath  the  brain,  so  that  as  each  section  is  made  over  the  tips 
of  the  fingers  by  one  long  stroke  of  the  knife  it  falls  forward,  ex¬ 
posing  a  clean  surface,  the  two  halves  of  which  can  be  compared. 
An  incision  is  next  carried  through  the  middle  of  the  pineal  body, 
the  corpora  quadrigemina  and  the  vermiform  process  of  the  cere¬ 
bellum,  opening  the  aqueduct  of  Sylvius  and  the  fourth  ventricle. 

Each  half  of  the  cerebellum  is  divided  by  a  median  horizontal 
section  into  halves,  and  these  portions  are  still  further  subdivided 
by  a  series  of  cuts  radiating  from  the  peduncles. 

In  order  to  make  sections  of  the  pons  and  medulla  the  brain  is 
folded  together  and  turned  over.  Several  cross  sections  are  then 
made  with  the  left  hand  placed  beneath  as  in  sectioning  the  basal 
ganglia. 
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14)  REMOVAL  AND  SECTIONING  OF  THE  SPINAL  CORD 
Iht'  body  IS  phiml  facT  downwanl,  with  lli(>  head  over  flir  end 
of  the  tal)lo  and  a  block  under  the  chest.  An  incision  is  made  over 
the  spinous  irrocesses  Irom  the  occiput  to  the  sacrum.  Dissect  the 
skm  and  muscles  back  on  each  side,  in  order  to  leave  the  vertebral 
laminae  as  bare  as  jvissible.  The  laminae  may  l)e  cut  throu^di  by 
means  ot  several  instruments,  of  which  the  double-bhuled  saw 
buer  s  rachiotome,  is  perhaps  the  safest,  at  least  for  beginners  The’ 
single-bladed  .saw  with  rounded  end  is  also  verv  useful  and  can  be 
recommended.  The  operation  can  be  done  most  rapidiv  by  biting 
on  the  spinous  processes  with  heavy  bone  forceps  and' cutting 
through  the  laminae  with  the  chi.sel  and  hammer,  but  there  is  greater 
danger  of  injuring  the  cord. 

Ihe  laminae  should  be  sawed  nearly  or  entirely  through  in  a 
me  with  the  roots  of  the  transverse  processes  from  the  third  or 
ourth  lumbar  vertebra  to  the  cervical  region.  The  arches  of  the 
cervica  vertebrae  are  best  divided  with  a  heavy  bone  cutter,  be¬ 
cause  they  cannot  be  easily  sawed,  and  there  is  sufficient  space  for 
the  point  ot  the  bone  cutter  without  danger  of  pressing  on  the  cord. 

it  is  important  to  strike  the  outside  limits  of  the  spinal  canal 
in  order  to  get  as  much  room  as  possible  for  the  removal  of  the 
cord,  rest  whether  the  sawing  is  deep  enough  by  the  mobility  of 
the  spinous  proce.sses.  If  necessary,  they  can  be  freed  bv  means 
ot  the  hatchet-chisel  and  a  hammer  in  the  same  way  in  which  the 
calvarium  is  loosened. 

.\s  the  cord  reaches  only  to  II, e  second  h„„bar  vertebra  cut 
hrofgh  between  the  third  and  fourth  vertebrae,  free  with  the  heavv 
tone  cutter  the  lower  end  of  the  row  of  spinous  processes,  which  ar'e 
leld  together  by  their  ligaments,  and  strip  them  up  to  the  neck^ 
then  cut  through  the  cervical  arches  with  the  bone  cutter,  takii,.^ 

t^hrcmi*  ' 

The  nerve  roots  are  divided  with  a  sharp  scalpel  bv  means  of  a 
ong  cut  on  each  side  of  the  cord.  Then  cut  across  I’he  dura  and 
e  nerse  roots  at  the  lower  end  of  the  exposed  canal  and,  while 
iKtI'ling  the  dura  with  forceps,  carefully  free  the  cord  from  below 
upwar.l  with  ,scis.sors  or  a  scalpel,  taking  care  all  Ihe  lime  not  to 

I'lced,  Cut  Ihe  cord  squarely  acro.ss  as  high  in  the  cervical  canal 
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as  possible,  so  that  the  remaining  portion  may  be  easily  removed 
with  the  brain. 

Place  the  cord  after  removal  on  a  Hat  surface  and  incise  the 
dura  longitudinally,  first  posteriorly  and  then  anteriorly.  A  series 
of  cross  sections,  usually  1  to  2  cm.  apart,  is  made  through  the 
cord  while  supported  on  the  fingers  during  the  cutting,  so  that  the 
cut  surfaces  will  fall  apart.  The  different  segments  should  ordi¬ 
narily  be  left  attached  to  the  dura,  so  that  their  position  in  the  cord 
can  easily  be  determined. 

A  diagnosis  from  the  fresh,  macroscopic  appearance  of  the  cord 
is  often  very  difficult  to  make. 

For  fixation,  thinner  sections  2  to  4  mm.  in  thickness  should  be 
removed  and  placed  in  different  fixatives;  the  remaining  cord  can 
be  preserved  in  10  per  cent  formalin. 

(5)  THE  EYE 

The  contents  of  the  orbit,  including  the  posterior  part  of  the 
eye,  can  be  readily  examined  by  chiseling  off  the  roof  of  the  orbit. 
The  posterior  half  of  the  eye  can  be  removed  by  cutting  around  the 
eyeball  with  sharp  scissors,  keeping  a  firm  hold  on  the  sclera  with 
forceps.  If  done  quickly,  the  retina  remains  quite  well  spread  out. 
The  anterior  half  of  the  eyeball  can  be  propped  in  place  by  a  plug 
of  cotton  dipped  in  ink  or  in  a  solution  of  potassium  permanganate. 

(6)  THE  EAR 

I'he  middle  ear  can  be  exposed  by  chipping  off  with  a  chisel  or 
heaw  bone  cutters  its  roof,  which  lies  in  the  middle  of  the  petious 
portion  of  the  temporal  bone.  If,  however,  it  is  desirable  to  ex¬ 
amine  the  ear  more  carefully  by  means  of  a  section  through  the 
external  meatus  and  the  middle  ear,  it  will  be  necessary  to  remove 
the  whole  of  the  petrous  bone.  For  this  purpose  the  incision  behind 
the  ear  must  be  carried  back  along  the  anterior  edge  of  the  trape¬ 
zius  muscle  halfway  down  the  neck.  Then  the  skin-llaps,  including 
the  external  ear  and  the  underlying  tissues,  must  be  dissected  back 
for  ^ome  distance  on  each  side  of  the  incision.  A  wedge  shaped 
piece  is  then  sawed  out  of  the  skull,  the  anterior  cut  of  the  saw 
passing  through  the  root  of  the  zygomatic  arch,  the  posterior  just 
back  of  the  sigmoid  sinus  (the  portion  of  the  transverse  sinus  which 
occupies  the  groove  on  the  mastoid  part  of  the  temporal  bone),  so 
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as  to  come  together  at  the  apex  of  the  i)yrtimi(i  of  the  [)etroiis  Ijone 
or,  better  still,  to  meet  in  the  lortmien  magnum.  .An  ordinary  chisel 
and  a  iKimmer  or  mallet  will  be  found  very  convenient  for  freeing 
the  petrous  bone  after  the  incisions  have  been  sawed. 

In  the  examination  ol  the  ])etrous  bone,  after  it  has  been  re- 
mo\ed,  the  lust  step  is  to  chisel  oil  the  tegmen  tympani  in  order  to 
get  a  view  ot  the  middle  ear.  Next,  remove  th(‘  lower  wall  of  the 
external  meatus,  so  as  to  expose  the  outer  surface  of  the  tympanic 
membtane.  hinally,  divide  the  petrous  bone  with  a  fine  hair  saw 
b\  an  incision,  staiting  in  at  the  styloid  j^rocess  and  coming  out  at 
the  caiotid  canal,  parallel  to  the  crest  of  the  petrous  bone. 

Ibis  incision  divides  the  tympanic  cavity  into  halves.  In  the 
lateral  half  can  be  seen  the  tympanic  membrane  with  the  malleus 
and  the  anteiior  half  ol  the  mastoid  cells.  In  the  median  half  are 
the  labyrinthic  wall  of  the  tympanic  cavity  with  the  stapes  and  the 
posterior  half  of  the  mastoid  cells.  It  is  best  to  remove  the  incus 
before  sawing  through  the  bone.  The  eustachian  tube  can  be  easily- 
exposed  by  starting  from  its  termination  in  the  middle  ear. 

(7)  THE  NASOPHARYNX 

Although  a  fair  view  of  the  nares  and  pharymx  can  be  obtained 
by  chiseling  off  the  portion  of  the  base  of  the  skull  lying  over  them, 
this  method  does  not  begin  to  offer  the  satisfactory  view  that  can 
be  obtained  by  the  one  described  by  Harke  (  1892).  His  method  is 
not  so  dilticult  as  it  might  seem  at  first  sight;  it  consists  in  halving 
the  base  of  the  skull  by  a  longitudinal  cut  after  the  cranium  has 
been  opened  and  the  brain  taken  out.  To  do  this  the  original  in¬ 
cision  in  the  scalp  must  be  extended  on  each  side  over  the  mastoid 
processes  and  along  the  anterior  edge  of  the  trapezius  muscle  to  a 
point  below  the  middle  of  the  neck.  Then  the  posterior  tlap  and 
the  underlying  muscles  must  be  freed  from  the  occipital  bone  and 
the  upper  portion  of  the  cervical  vertebrae.  In  like  manner  the 
anterior  tlap  must  be  dissected  from  over  the  root  of  the  nose  and 
the  upper  edge  of  the  orbits,  anrl  be  drawn  over  the  face.  Then 
Ilex  the  head  strongly  forward  and  saw  through  the  occipital  bone 
and  the  ba.se  of  the  skull,  dividing  the  occipital  and  frontal  bones 
into  equal  halves.  Anteriorly,  it  is  well  to  go  a  little  to  the  left  or 
right,  lest  the  nasal  se|)tum  be  injured. 

The  next  step  is  to  cut  the  dura  mater  and  the  occipito-axoid 
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ligaments  between  the  anterior  edge  of  the  foramen  magnum  and 
the  odontoid  process,  as  well  as  the  inner  side  of  the  atlanto-occip- 
ital  joint  from  within.  Then  the  two  halves  of  the  skull  are  drawn 
forcibly  apart.  The  nasal  bones,  the  hard  palate,  and  the  alveolar 
process  of  the  upper  jaw  break,  and  the  two  halves  of  the  base  of 
the  skull  open  like  a  book,  revolving  around  an  axis  which  passes 
through  the  joint  of  the  lower  jaw  and  the  atlanto-occipital  joint. 

If  the  foramen  magnum  offers  too  much  resistance,  break 
through  it  with  a  chisel,  and  also  if  necessary  through  the  anterior 
and  posterior  arches  of  the  atlas. 

It  is  now  possible  to  inspect  the  nasal  septum,  the  frontal  and 
sphenoidal  sinuses  and  to  open  the  ethmoidal  cells.  The  nasal 
passages  should  be  examined;  the  middle  nasal  conchae  are  taken 
off  with  scissors  and  the  infundibulum  thus  freed.  To  examine  the 
opening  of  the  nasolacrimal  duct,  cut  off  the  inferior  nasal  conchae. 
The  maxillary  sinus  is  easily  opened  with  forceps  and  a  pair  of 
bone  shears. 

After  the  operation  the  two  halves  of  the  base  of  the  skull  are 
brought  together,  and  wired  if  necessary,  and  the  skin-flaps  are 
replaced. 

7.  POSTMORTEM  EXAMINATION  OF  NEWBORN  AND  VERY  YOUNG 

CHILDREN 

Postmortem  examinations  on  infants  present  a  certain  number 
of  special  problems  which  are  best  handled  by  alterations  in  the 
routine  technique. 

1.  An  infant’s  skull  and  that  of  very  young  children  is  best 
opened  after  reflecting  the  scalp  in  the  usual  way  by  cutting  with 
a  pair  of  scissors  through  the  dura  along  the  unossified  sutures  (in 
the  longitudinal  fissure  cut  on  each  side  of  the  falx)  well  down  to 
the  floor  of  the  skull.  This  procedure  gives  five  bone-flaps  which 
may  be  turned  out  like  the  petals  of  a  flower,  leaving  the  brain 
uninjured.  It  is  often  necessary  to  cut  half  of  the  base  of  each  flap 
in  a  horizontal  line  to  aid  its  being  turned  out.  The  falx  cerebri 
must,  of  course,  be  divided  anteriorly  and  drawn  back  before  the 
brain  is  removed.  In  sewing  up,  the  bone  flaps  are  turned  in  over 
|)laster  of  paris  filling  the  cranial  cavity,  and  are  kept  perfectly  in 
place  by  the  skin. 

2.  The  skull  of  the  newborn  is  opened  in  a  manner  similar  to 
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that  ^i\('n  ahinr.  Howcxa'r,  in  xicw  of  ihn  prominent  place  oc¬ 
cupied  by  intracranial  hemorrhages  amon<i:  the  causes  of  death  in 
the  newborn  (approximately  per  cent),  it  is  desirable  that  the 
method  of  postmortem  examination  of  the  skull  and  its  contents 
be  such  that  an  adequate  examination  may  lie  made  macroscop¬ 
ic  alb.  without  at  the  same  time  causing  postmortem  injury  which 
might  obscure  or  be  confused  w’ith  antemortem  lesions.  Therefore, 
more  detailed  instructions  for  examining  the  head  of  newborn  in- 
lants  based  on  the  original  method  of  Reneke  (1910)  and  compiled 
by  T)r.  Donald  Munro  are  given  below. 

An  incision  is  made  through  the  scalp  down  to  the  pericranium 
or  periosteum,  extending  from  just  behind  one  ear  to  just  behind 
the  other  across  the  vertex.  The  scalp  is  then  peeled  forward  to 
the  supra-orbital  ridges,  and  back  to  the  superior  curved  line  of 
the  occiput.  Hematomas  in  the  scalp,  subperiosteal  hematomas 
(the  so-called  cephalhematomas)  or  other  evidence  of  gross  injury 
to  the  skull  or  its  coverings  are  easily  identified  at  this  point. 

Having  completed  the  examination  of  the  scalp  and  pericranium 
the  skull  should  be  opened  as  follows:  At  the  right  anterior  border 
of  the  anterior  fontanelle  a  sharp-pointed  scalpel  is  inserted  through 
the  fused  periosteum  and  dura  at  their  junction  with  the  mesial 
edge  of  the  right  frontal  bone.  The  point  of  the  scalpel  is  directed 
laterally  and  is  kept  close  to  the  inner  surface  of  the  right  frontal 
bone  in  such  a  w'ay  that  it  penetrates  between  the  bone  and  the 
dura,  especial  care  being  taken  to  prevent  injury  to  the  dura.  A 
longitudinal  slit  in  the  suture  line  sufficiently  large  to  admit  the 
handle  of  the  .scalpel  is  made  in  this  plane.  The  handle  of  the 
scalpel  is  then  in.serted  through  this  slit  between  the  bone  and  the 

dura  and  the  two  are  gently  and  easily  separated  as  far  as  is 
possible. 


The  right  frontal  bone  is  then  separated  from  the  adiacent  left 
frontal  and  right  parietal  bones  by  extending  the  original  incision 
along  the  anterior  portion  of  the  sagittal  suture  to  the  level  of  the 
fioor  of  the  anterior  fo.ssa,  and  also  along  the  frontoparietal  suture 
to  the  superior  edge  of  the  temporal  bone.  The  right  frontal  bone, 
thus  isolated,  is  turned  outwaird  and  forward  and  broken  along  its 
base.  A  similar  procedure  is  carried  out  with  the  right  parDtal 
bone,  the  underlying  dura  being  separated  as  de.scribed  above  and 
the  bone  being  isolated  by  incisions  along  the  iiosterior  {lortion  of 
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the  sagittal  suture,  the  parieto-occipital  suture,  and  the  parietal 
edge  of  the  frontoparietal  suture.  The  parietal  bone  is  turned  out¬ 
ward  and  broken  at  its  base. 

The  removal  of  the  frontal  and  parietal  bones  thus  exposes  in¬ 
tact  the  dura  covering  the  right  cerebral  hemisphere.  Epidural 
hemorrhages  may  be  seen  and,  should  the  question  of  an  antemortem 
rupture  of  the  middle  meningeal  artery  be  raised,  it  is  simple  to 
expose  this  artery  by  removing  the  squamous  portion  of  the  right 
temporal  bone  according  to  the  technique  outlined  above,  following 
which,  retraction  of  the  intact  dura  mesially  will  expose  the  entire 
artery  as  far  as  its  entrance  into  the  skull  through  the  foramen 
spinosum.  The  superior  sagittal  sinus  should  not  have  been  opened. 

Having  inspected  this  portion  of  the  dura  while  intact,  it  should 
be  incised  longitudinally  slightly  to  the  right  of  the  midline  and  in 
such  a  way  that  the  superior  sagittal  sinus  is  not  injured.  The  flap 
of  dura  is  then  turned  outward,  vertical  incisions  being  made  at  the 
anterior  and  posterior  portions  of  the  flap  if  necessary,  and  the 
right  cerebral  cortex  exposed  to  view.  Subarachnoid,  subdural  or 
subpial  collections  of  blood  on  this  side  should  be  noted,  as  should 
also  the  condition  of  the  cerebral  veins  in  relation  to  the  superior 
sagittal  sinus  and  the  parieto-occipital  (lambdoidal)  suture.  Ante¬ 
mortem  rupture  of  these  veins  is  difficult  if  not  impossible  to  iden¬ 
tify  positively,  but  a  diagnosis  of  probable  antemortem  rupture 
may  at  times  be  made. 

The  gloved  fingertip  is  next  inserted  between  the  mesial  surface 
of  the  right  cerebral  hemisphere  and  the  filmy  layer  of  tissue  which 
makes  up  the  body  of  the  falx,  care  being  taken  to  avoid  tearing 
the  latter.  The  corpus  callosum  is  thus  exposed.  This  should  be 
carefully  incised  longitudinally  in  the  midline  and  the  cavity  of  the 
third  ventricle  be  thus  exposed  to  view.  If  this  has  been  done  with 
care  the  two  internal  cerebral  veins  and  their  point  of  junction  to 
form  the  great  cerebral  vein  of  Galen  will  be  plainly  visible.  \\  ith 
a  rupture  of  the  great  cerebral  vein  the  two  internal  cerebral  veins 
are  collapsed  and  difficult  to  see,  otherwise  they  are  plainly  visible 
and  often  are  noticeably  congested.  The  presence  of  intraventric¬ 
ular  hemorrhage  should  be  ascertained  by  observation  of  the  con¬ 
tents  of  the  third  ventricle. 

Further  incision  through  the  floor  of  the  third  ventricle  and  the 
subthalamic  region  should  be  carried  out  at  this  point  although  the 
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iiitt’inal  cc'i'fbial  vi“ins  aia'  lluis  (k'stroycal.  A  lateral  horizontal  in¬ 
cision  tliroufili  the  ricjht  cerebral  |)(‘(liincle  and  section  of  the  riydit 
oi)tic  tract  now  trees  the  rij^ht  cerebral  heniispheiaa  which  with  a 
little  urging  will  fall  out  into  the  operator's  hand.  The  heniisiihere 
may  be  exaniiiu'd  at  once  or  laid  aside  in  some  suitable  solution  to 
harden  [)rior  to  later  sectionin''  and  e.xamination. 

Removal  ot  the  rit'ht  cerebral  hemisphere  in  this  manner  expos(‘s 
the  entire  falx  cerebri  and  its  junction  with  the  tentorium  cerebelli, 
as  well  as  the  ri^ht  half  of  the  latter. 

1  he  body  of  the  fal.x  should  tirst  be  inspected  for  tears,  hem¬ 
atomas  or  other  lesions.  I  his  is  best  and  in  fact  can  only  be  accom¬ 
plished  by  liltin''  it  tree  from  the  mesial  wall  of  the  left  cerebral 
hemisphere  on  a  scalj^iel  handle  or  other  suitable  instrument.  The 
lower  free  border  containin''  the  inferior  sagittal  sinus  should  next 
be  inspected  for  ruptures.  The  junction  of  the  falx  with  the  ten¬ 
torium  should  be  observed  with  care,  especially  if  the  two  internal 
cerebral  veins  have  been  lound  collapsed,  thus  indicating  a  rupture 
of  the  gieat  ceiebial  vein.  Should  this  have  occurred  the  posterior 
end  of  the  ruptured  vein  may  be  present,  still  attached  by  its  junc¬ 
tion  with  the  straight  sinus  or  with  the  inferior  sagittal  sinus. 

The  right  half  of  the  tentorium  should  now  be  inspected.  Tears 
ot  the  free  margin  are  frequent  at  or  near  its  junction  with  the  falx. 
Ruptures  in  any  portion  of  the  tentorium  may  or  may  not  involve 
the  lateral  sinus,  the  straight  sinus  or  even  the  conlluence  of  the 
sinuses  (torcular  Herophili),  and  may  present  them.selves  as  frank 
holes,  from  which  blood  can  be  expressed,  should  they  communicate 
with  the  cavity  of  a  sinus;  or  they  may  be  indicated  by  an  adherent 
antemortem  clot  or  may  be  present  only  as  tears  without  hem¬ 
orrhage. 

I  he  su[)erior  sagittal  sinus  should  be  opened  throughout  its  en¬ 
tire  length  and  inspected  for  tears  from  its  internal  aspect.  This 
will  also  expose  the  internal  aspect  of  the  conlluence  of  the  sinuses. 

The  right  lateial  sinus  may  now  be  split  along  its  course,  to¬ 
gether  with  the  superior  and  inferior  petrosal  sinu.^es.  and  the  con¬ 
nection  between  the  lacerations  in  the  tentorium,  thought  to  have 
extended  into  the  cavity  of  one  of  the.se  sinuses,  thus  be  verified. 

The  falx  should  next  be  freed  along  its  upper  border  as  far  as 
may  be  convenient,  turned  to  one  side  out  of  the  way,  the  left 
cerebral  peduncle  inci.sed  horizontally,  the  left  ojitic  tract  sectioned, 
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and  the  left  cerebral  hemisphere  alloweil  to  drop  out  without  fur¬ 
ther  removal  of  bone. 

The  dura  which  previously  covered  this  hemisphere  may  now 
be  inspected  from  the  inside,  and  the  left  meningeal  artery  ob¬ 
served.  The  left  cerebral  veins  cannot  be  inspected  except  from  the 
inner  aspect  of  the  superior  sagittal  sinus,  and  subarachnoid  and 
subdural  hemorrhages  in  this  portion  of  the  cerebrum  will  be  evi¬ 
dent  chiefly  as  collections  of  blood  on  the  cerebral  cortex  itself. 

The  anterior  and  middle  fossae  with  their  contents  may  be 
searched  for  fractures,  hemorrhages  or  other  lesions. 

The  left  half  of  the  tentorium  cerebelli  should  be  examined  for 
evidence  of  injury  either  with  or  without  hemorrhage,  and  the  left 
lateral  sinus  split  throughout  its  length  just  as  was  done  on  the 
right  side. 

The  tentorium  should  be  split  in  the  midline  toward  the  in¬ 
ternal  occipital  protuberance  and  the  two  halves  turned  one  to 
either  side  to  expose  the  cerebellum  and  brain  stem. 

The  cerebellum  and  brain  stem  are  best  removed  in  one  piece  in 
the  following  manner:  The  anterior  border  of  the  midbrain  is 
pushed  gently  backward  off  the  body  of  the  sphenoid  bone  and  the 
cranial  nerves  are  exposed,  identified  and  sectioned  pair  by  pair. 
In  this  way  also  the  basilar  and  the  two  vertebral  arteries  are 
brought  into  view  and  their  continuity  verified.  The  posterior  cere¬ 
bral  and  the  posterior  communicating  arteries,  as  well  as  the  an¬ 
terior  half  of  the  circle  of  Willis,  cannot  be  saved. 

Having  freed  the  brain  stem  by  section  of- all  the  cranial  nerves, 
a  thin-bladed  scalpel  is  inserted  along  the  anterior  aspect  of  the 
medulla  through  the  foramen  magnum  as  far  down  the  cervical  cord 
as  possible  (usually  not  more  than  one  or  two  segments)  and  the 
cord  is  sectioned  at  this  point.  Occasionally  it  will  be  necessary, 
in  addition,  to  bring  the  knife  blade  to  the  lateral  aspects  of  the 
cord  in  order  that  the  upper  cervical  roots  may  be  cut  before  the 
cord  will  be  found  to  be  entirely  free. 

The  cerebellum,  brain  stem  and  what  little  of  the  cervical  cord 
it  is  possible  to  get  may  then  be  removed  in  one  piece.  If  this  is 
done  with  care,  the  roof  of  the  fourth  ventricle  and  the  great  basal 
cisterna  overlying  it  may  be  kept  intact  and  later,  after  being  suit¬ 
ably  preserved  and  hardened,  may  be  inspected  for  meningitis, 
obstruction  of  the  foramens  or  other  lesions. 
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llu'  posterior  lossa  and  tlu‘  foraimai  niaummi  arc  cx|)osc(l  to- 
.ucthcr  with  the  occipital  sinus  which  sliould  he  split,  in  its  lon« 
axis,  up  to  its  junction  with  the  couniience  of  the  sinuses. 

Alt(*r  coinpletinir  the  e.xamination.  the  skull  .should  he  filled  with 
some  appropriate  material,  the  right  frontal  and  parietal  hones  re¬ 
placed,  the  .scalp  pulled  hack  over  them  and  the  original  incision 
sewed  up. 

•1.  Accoiding  to  Xauwerck  (1921),  the  spinal  canal  can  be 
opened  by  dividing  the  vertebral  arches  with  strong  scissors. 

4.  1  he  umbilical  cord,  if  [present,  and  the  umbilical  arteries  de¬ 
mand  close  attention  in  children  who  have  lived  a  few  days  or 
weeks,  lor  the  purpose  of  determining  if  infection  has  taken  place 
at  that  point.  Xauwerck  advi.ses  a  modification  of  the  primary  long 
incision.  A  little  above  the  umbilicus  it  should  divide  into  two 
diverging  incisions  running  to  the  pubes.  In  this  way  a  triangular 
tlap  IS  left  containing  the  umbilical  arteries,  while  from  the  upper 
end  IS  given  off  the  umbilical  vein.  The  vessels  may  be  ligated  or 
opened  at  any  point  that  seems  advisable. 

5.  Anomalies  of  circulation  should  be  looked  for  in  all  “blue 
babies.’^  The  closure  or  non-closure  of  the  ductus  arteriosus  is 
best  determined  in  situ  by  dissecting  off  the  thymus  and  opening  up 
the  pulmonary  artery  in  the  middle  of  its  anterior  surface.  The  cut 
may  be  extended  downward,  if  desired,  through  the  pulmonarv  valve 
and  the  wall  of  the  right  ventricle.  The  duct  lies  in  the  median  line 
of  the  pulmonary  artery,  a  little  above  the  division  into  its  two 
mam  branches.  A  small  probe  can  be  pa.ssed  through  it  into  the 

aorta.  J  he  condition  of  the  foramen  ovale  between  the  auricles  is 
easily  examined. 

1-or  other  anomalies  of  the  circulation  it  will  usually  be  found 
most  satisfactory  to  remove  the  thoracic  organs  “en  masse,”  so  as 
to  be  able  to  open  up  the  heart  and  the  vessels  given  off  from  it 
before  any  of  the  ve.ssels  have  been  severed  from  their  connections. 

6.  In  medicolegal  cases,  especially,  it  is  important  to  determine 
whether  or  not  a  child  has  breathed.  The  main  steps  of  the  process 
are  as  follows: 

Locate  the  position  of  the  diaphragm  before  the  chest  is  opened 
\  hen  the  lungs  are  fully  distended  it  is  at  the  fifth  or  sixth  rib  on 
tie  righi  and  at  the  sixth  rib  on  the  left.  When  the  lungs  contain 

no  an  or  aie  but  [lartially  distended  the  dia[)hragm  reaches  to  the 
fourth  rib. 
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Ligate  the  trachea  above  the  sternum  before  opening  the  thorax. 

After  examining  the  heart  and  the  other  structures,  sever  the 
trachea  above  tlie  ligature  and  remove  the  thoracic  organs  in  one 
piece. 

Dissect  off  the  thymus  gland  and  the  heart,  and  place  the  lungs 
in  a  large  dish  of  clear  cold  water  to  see  whether  they  will  float 
or  not. 

Incise  the  lungs  and  notice  if  they  are  crepitant;  squeeze  the 
lung  tissue  gently  and  see  if  bubbles  of  air  mingle  with  the  blood 
on  the  surface,  or  squeeze  the  lung  under  water  and  observe  if 
bubbles  of  air  rise  to  the  surface.  Decomposition  may  give  rise  to 
gas  in  the  lungs. 

Divide  the  lungs  into  lobes  and  then  into  small  pieces,  and  de¬ 
termine  if  any  of  them  will  float. 

7.  The  long  bones  should  be  incised  so  as  to  expose  the  epiph¬ 
yseal  line  which  should  be  examined  for  evidences  of  congenital 
syphilis  or  rickets.  The  ends  of  the  femur  and  tibia  at  the  knee  are 
usually  chosen.  For  making  the  incision  a  fine  hair-saw  is  prefer¬ 
able  to  a  knife,  because  the  latter  often  causes  the  bone  to  break 
apart  at  the  epiphyseal  line. 

8.  The  age  of  the  fetus  in  months  can  be  determined  after  the 
fifth  month  by  dividing  the  length  of  the  fetus  in  centimeters  by  5. 

8.  Restitution  of  the  Body 

After  a  postmortem  examination  is  finished  the  body  should  be 
put  in  such  a  condition  that  no  evidence  of  the  autopsy  will  be 
noticed  except  on  careful  inspection.  Every  practical  means  should 
be  employed  to  facilitate  embalming  for  the  undertakers.  All  fluid 
should  be  sponged  from  the  cavities.  The  rectal  and  vaginal  open¬ 
ings  should  be  closed  with  sutures  or  plugged  with  absorbent  mate¬ 
rial  packed  into  the  pelvis.  The  carotid  and  femoral  arteries  should 
be  ligated  as  far  proximally  as  possible.  All  organs,  including  the 
brain,  which  are  not  re(iuired  for  further  examination  should  be  re¬ 
placed  in  the  body  cavity.  The  gastro-lntestinal  tract  should  be 
carefully  cleansed  of  all  its  contents  before  it  is  returned  to  the  body. 
In  the  cranial  cavity  the  internal  carotid  and  vertebral  arteries 
should  be  tied.  Leakage  is  best  prevented  by  filling  the  base  of  the 
skull  with  plaster  of  paris.  It  can  also  be  packed  with  oakum.  The 
sternum  is  best  sutured  back  in  position. 


i'osi'MoR  i'i;m  i  i;(  ii\i(,)ri'; 


If  [lait  ol  the  vertc'bral  column  has  Ix'cn  rcinovc'd,  a  stick  or 
heavy  iron  rod  should  be  run  into  the  s|)inal  canal  above  and  b('lo\v, 
in  order  to  stiffen  the  body  and  hold  it  in  |)osition  while  it  is  filled 
about  half  full  of  plaster  of  paris.  After  this  has  set  there  is  little 
danger  of  the  body  losing  its  form. 

In  sewing  up  the  body  cavity  begin  at  the  neck.  I'se  a  jiiece 
of  twine  a  little  o\'er  one  and  a  hall  times  the'  k'ligth  of  the'  incision, 
lake  one  stitch  and  fasten  the*  end  with  a  knot.  Furn  the  loose  C'nd 
in  under  the  skin.  Hold  the  attached  end  ol  the  twine  taut  witli 
the  left  hand  about  S  to  10  cm.  from  the  line  of  incision.  The 
needle  is  then  passed  from  within  outward  through  the  edge  of  the 
Hap  and  in  a  diagonal  line'  Irom  below  upward.  Fhe  stitches  should 
be  from  1  to  2  cm.  aj'iart,  and  about  the  same  distance  from  the  edge 
of  the  llap.  The  object  of  keeping  the  end  of  the  twine  taut  is  to 
keep  the  sutures  tight  and  the  edges  of  the  Haps  u|)  so  that  the 
needle  can  be  thrust  in  easily. 

On  reaching  the  lower  end  of  the  incision,  take  two  button-hole 
stitches  and  draw  them  tight.  Then  take  a  long  stitch  off  to  one 
side  and  cut  the  twine  close  to  the  skin,  so  as  to  bury  the  end  of  it 
deeply  and  securely. 

If  in  removing  the  calvarium  the  precaution  is  taken  to  crack 
at  least  a  part  of  the  inner  table  with  the  chisel  and  hammer,  pro¬ 
jecting  pieces  of  bone  are  usually  left  which  interlock  and  hold  the 
calvarium  in  position  when  it  is  replaced.  It  is  further  fastened  by 
sutures  on  each  side  through  the  fascia  of  the  temporal  muscle. 
It  is  always  more  dillicult  to  sew  up  the  incision  in  the  scalp  than 
the  one  in  the  body,  especially  when  the  hair  is  long.  Care  should 
be  taken  to  bury  the  ends  of  the  sutures  securely. 

9.  Autopsy  Bacteriology 

In  order  to  obtain  .satisfactory  results  with  cultures  taken  at 
autopsy  it  is  essential  that  great  care  be  exercised  in  the  manner 
in  which  these  cultures  aie  taken,  because  of  the  ever  present  rlan- 
ger  of  contaminating  organisms.  When  searing  the  surface  of  an 
organ  be  sure  to  do  so  until  the  seared  surface  is  dry  and  be  sure 
to  keep  it  dry. 

Heart’s  Blood.-  The  culture  is  best  taken  from  the  right  auricle. 
The  heart  is  lifted  by  the  ai)ex  and  the  auricular  wall  just  above  the 
inferior  vena  cava  is  .seared  with  a  hot  iron.  The  area  seared  should 
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be  at  least  2  cm.  in  diameter.  No  contaminated  material  should 
be  allowed  to  come  in  contact  with  this  area  until  the  culture  has 
been  taken.  The  culture  is  best  taken  by  forcing  the  end  of  a  sterile 
capillary  pipette  through  the  center  of  the  seared  area  and  sucking 
1  or  2  cc.  of  blood  into  the  pipette.  It  will  be  found  convenient  to 
keep  a  supply  of  capillary  pipettes  in  the  autopsy  room.  Each 
should  be  in  a  sterile  test  tube  and  have  a  rubber  bulb  on  the  upper 
end  to  exert  suction. 

Itiflarnmatory  Exudates  and  Injections  Lesions. — Two  swabs 
should  be  made  from  each  lesion,  one  for  a  culture,  one  for  a  smear. 
When  the  culture  is  contaminated  the  predominant  organism  can 
often  be  recognized  from  the  smear. 

Cultures  of  Organs. — Sear  the  outside  surface  of  the  organ  and 
force  a  swab  through  the  seared  area  into  the  underlying  uncon¬ 
taminated  tissue. 

Vegetations  of  Heart  Valves. — Snip  off  a  small  portion  of  the 
vegetation  and  place  it  in  a  test  tube.  The  vegetation  is  then 
dipped  in  80  per  cent  alcohol  for  a  few  seconds  to  kill  superficial 
contaminating  organisms.  It  is  now  ground  up  in  a  mortar  with 
sterile  sand  and  this  ground  up  material  is  cultured  in  the  usual  way. 

10.  Tables  of  Weights  and  Measurements 
TABLE  I 

Normal  Limits  of  Measurements  of  Heart  Valves 
(  Dana  and  Reidy,  1936) 

Tricuspid  V'alve  Pulmonary  Valve  Mitral  Valve  Aortic  Valve 
10-12.5  cm.  6-7.8  cm.  8-10.5  cm.  6-7.5  cm. 

TABLE  II 

Ratio  of  Other  V'alves  to  Aortic  Valve 
(  Dana  and  Reidy,  1936) 

Tricuspid  Valve 
Aortic  V’alve 

Pulmonnrv  Valve 
.'Vortic  VLalve 

Mitral  VOdve 


.Vortic  Valve 


1.34 
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A\kra(;k  Normal  \\  kic.iits  of  V  iscera  from  Adults 


(  Ross, 

1928) 

Adrenals  (2) 

5  -  () 

gm 

4  4 

Bladder 

30  —  no 

Brain 

Female 

1250  -1275 

a 

Male 

1365  -1450 

- 

Heart 

Female 

250  -  280 

u 

IMale 

270  -  360 

a 

Kidneys 

Left 

150 

u 

Right 

140 

a 

Liver 

1440  -1680 

u 

Lungs 

Right 

480  -  680 

u 

Left 

420  -  600 

u 

0\'ary  (  1 ) 

4-8 

n 

Pancreas 

60  -  135 

u 

Parathyroids*  (4) 

0.12-  0.18 

u 

Pineal 

0.2 

u 

Pituitary 

0.3  -  0.6 

u 

Prostate 

22 

u 

Spleen 

155  -  195 

u 

Testis  (  1  ) 

20  -  25 

i  i 

Thymus 

At  birth 

13.7 

u 

At  end  of  2nd  year 

26.2 

Vi 

Thyroid 

30  -  40 

4  4 

Uterus 

40  -  70 

4  % 

*  The  figures  for  the  weight  of  the  parathyroid  glands  were  supplied  l,y  Dr.  T.  IL 
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TABLE  IV 


Weioiit  and  Length  oe  the  Fetus  at  Each 

Gestation 


Time 

mos. 

2 

3 

4 
5, 
6 
7, 
8 
9 

10 


(Nauwerck,  1921) 

Weight 

gm. 

.  4 

.  5-20 

.  120 

.  284 

434 

.  1218 

.  1549 

.  1971 

.  2334 


Month  of 


Length 

cm. 

2.5-  3 

7-9 

10  -17 

18  -27 

28  -34 

35  -38 

39  -41 

42  -44 

45  -47 
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Okc.an  W’lac.i n s  oi'  Infants  and  C'mi,DRi;N 

( ('oppoletta  and  W()II)acli,  193a) 


Age 

llody 
j  lengt  li 

j  1  leart 

Fung 

S|)l('el 

Li\er 

1  Kidney 

Right 

Fell 

Right 

Fi'ft 

1  (W. 

gw- 

Kill. 

Kill. 

Kill. 

K»l. 

j  Kill. 

Kill. 

Kin. 

nirth  S  dax'^ 

1  40 

17 

‘  21 

18 

8 

78 

1  15 

14 

.>.>5 

A  7 

40 

18 

22 

0 

Of, 

14 

14 

.■i5S 

1  S  w  ks. 

52 

10 

20 

2() 

10 

125 

15 

15 

582 

A  5  “ 

52 

20 

51 

27 

i  12 

127 

If) 

If) 

415 

,■^-7 

21 

52 

28 

15 

155 

10 

18 

422 

7-<)  “ 

25 

52 

20 

15 

15() 

10 

18 

480 

2  S  mos. 

M> 

25 

.>5 

50 

14 

140 

20 

10 

510 

4  " 

50 

2/ 

.77 

55 

10 

lf)0 

22 

21 

540 

5 

01 

20 

58 

55 

If) 

188 

15 

25 

044 

6  •• 

02 

51 

42 

50 

17 

200 

20 

25 

000 

7 

()5 

a4 

40 

41 

10 

227 

50 

50 

091 

s  •• 

05 

A  7 

52 

45 

20 

254 

51 

50 

714 

g  “ 

07 

.77 

55 

47 

20 

200 

51 

50 

750 

10  •• 

w 

50 

54 

51 

22 

274 

52 

51 

800 

11  '• 

70 

40 

50 

.55 

25 

277 

54 

55 

852 

12  " 

44 

04 

v57 

20 

288 

50 

55 

925 

14  “ 

74 

45 

f)0 

00 

20 

504 

50 

55 

944 

U)  •• 

77 

48 

72 

()4 

28 

551 

50 

50 

1010 

IX  “ 

78 

52 

72 

65 

50 

545 

40 

45 

1042 

20  “ 

70 

56 

(S5 

74 

50 

570 

45 

44 

1050 

21 

82 

5(» 

80 

/.■> 

580 

44 

44 

1050 

24  “ 

84 

5() 

XX 

7() 

55 

504 

47 

40 

1004 

•>  vrs. 

88 

50 

80 

77 

.77 

418 

48 

40 

1141 

4  “ 

00 

75 

00 

85 

50 

510 

58 

.^6 

1  101 

5  “ 

loo 

85 

107 

101 

47 

50f> 

f).S 

04 

1257 

()  “ 

100 

04 

121 

122 

58 

()42 

08 

07 

1245 

7  “  ' 

115 

100 

150 

125 

()6 

080 

f)0 

70 

1 205 

S  “ 

1  10 

1  10 

150 

140  j 

()0 

75() 

74 

75 

1275 

g  u  , 

125 

115  ! 

174 

152 

7.A  j 

7.S(> 

82 

85 

1275 

10  “ 

150 

no 

177 

1  f)f) 

85 

852 

02 

05 

1200 

11“  1 

155 

122  1 

201 

100 

87 

000 

04 

05 

1520 

12  "  I 

150 

124  1 

05 

050 

05 

Of) 

1551 

CHAPTER  XVn 


PRESERVATION  OF  GROSS  SPECIMENS 

1.  PREPARATION 

Care  and  planning  at  the  time  of  the  autopsy  or  when  the  sur¬ 
gical  specimen  is  received  is  one  of  the  first  essentials  of  obtaining 
good  gross  specimens.  Too  many  times  museum  preparations  are 
an  afterthought  when  the  specimen  is  already  too  much  cut  up  to 
be  of  any  value  for  preservation.  The  following  suggestions  may 
be  useful  in  this  respect: 

If  the  routine  autopsy  technique  will  tend  to  spoil  the  specimen, 
plan  some  method  that  will  not. 

Cut  surfaces  should  be  smooth  and  even.  To  obtain  this  result 
the  section  knife  must  be  sharp  and  a  long  continuous  cut  made 
rather  than  numerous  saw-like  ones. 

Trim  all  superfluous  tissue  from  the  specimen. 

With  large  organs,  such  as  the  liver,  it  is  usually  better  to  save 
a  slice  2  to  3  cm.  in  thickness  rather  than  the  whole  organ.  This 
may  be  cut  tangential  to  the  surface  or  in  cross  section  through  the 
organ,  depending  on  what  one  is  attempting  to  show. 

Many  specimens  are  ruined  by  taking  samples  for  histological 
examination  from  the  center  of  the  lesion.  A  compromise  is  fre¬ 
quently  necessary.  Usually  satisfactory  material  for  histology  can 
be  taken  from  the  sides  or  back  of  the  specimen  without  injuring 
its  gross  appearance. 

Drying  or  staining  with  bile  will  quickly  spoil  a  specimen.  It 
should  be  carefully  washed  with  salt  solution  and  put  in  fixative 
as  soon  as  possible.  When  delay  is  necessary  it  should  be  kept 
covered  with  a  cloth  dampened  in  saline. 

2.  PRESERVATION 

(1)  General  Considerations 

No  matter  what  method  of  fixation  is  used  several  general  rules 
are  important.  They  are  the  following: 

Specimens  should  be  fixed  separately  or  the  colors  are  apt  to 
be  spoiled.  Bile-stained  organs  in  particular  will  stain  other  or¬ 
gans  preserved  in  the  same  jar. 
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A  s[HcinuMi  .sliould  not  ho  allowc'd  to  ronu*  in  contact  with  an¬ 
other  specimen  or  with  the  l)ottom  or  sides  of  the  jar  as  this  prevents 
proper  lixation.  Placin'^  a  layer  of  absorbent  cotton  in  the  bottom 
ot  the  jar  or  suspending  the  si)ecimen  in  the  center  of  the  jar  by 
>tnn<r  will  prevent  this.  (Litton  or  a  piece  of  cloth  should  also  be 
put  on  top  to  iirevent  the  specimen  from  lloatim;  on  the  surface 
and  dryinyc  Keep  the  cut  surfaces  of  the  same  .specimen  seixiraled 
login  causes  the  colors  to  fade.  Therefore,  opaipie  jars  made  of 

(H)rcelam  or  enamel  ware  should  be  used  or  the  h.xation  process 
carried  out  in  a  dark  room. 

The  typ,.  „f  specimen,  (he  niethiid  „f  prep;ira(i„n  and  preserva- 
t.ui,  ace  dependent  t„  a  certain  extent  „n  witat  organ  one  is  deeding 
'Vlth.  I  he  more  important  organs  are.  tllerefore,  listed  with  the 
various  problems  associated  with  them. 

^  The  heart,  once  it  is  opened,  will  fix  completely.  When  it  is 
hxed  It  becomes  .somewhat  rigid.  Because  of  this,  if  the  important 
esion  IS  in  one  chamber  or  on  one  valve,  the  heart  should  be  opened 
and  put  in  fixative  in  such  a  way  that  the  lesion  can  be  seen. 

d'he  linigs  are  easily  penetrated  by  fixative  and  therefore  a  whole 
ung  can  be  saved,  ('sually,  however,  a  hemisection  makes  a  better 
-specimen.  One  of  the  greatest  dangers  to  be  avoided  is  their  float- 
•ng  at  the  surface  of  the  fixative,  as  a  result  of  which  they  become 
partially  dry  and  discolored.  To  prevent  this  attach  a  glass  weight 
heavy  enough  to  keep  them  below  the  surface  of  the  fluid. 

^  I  he  spleen  fixes  very  poorly.  Sections  not  more  than  2  cm.  in 
tmekness  make  the  best  specimens.  If  whole  spleens  are  to  be  kept 
they  should  be  injected  with  fixative  through  the  blood  vessels. 

IS  also  a  difficult  organ  to  preserve  in  its  entirety, 
sua  y  2  to  a  cm.  thick  slices  cut  tangentially  or  in  cross  section 
are  most  satisfactory  as  specimens. 

,  f  '"'flialf  of  one,  or  one-half 

of  both  inhp's,  tlian  one  whole  kidney.  In  this  way  both  capsiikir 

iinci  cut  surfuccs  cun  be  shown. 

With  the  xasln-wlnthu,/  Iran  the  gretdesl  dttnger  is  that  the 
specimen  becomes  di.storted  in  the  fi.xative.  This  is  best  ttvoided 
by  oitening  the  .specimen  and  lixing  it  stretchetl  open  in  a  Hat  dish 
or  pan.  h.ven  better  results  may  be  obtained  by  sewing  it  to  a 
glass  frame  tn  the  position  tlesired.  The  simpler  method  of  pinnin- 
the  sitec.men  to  a  boartl  is  sotnewhat  riangerotts,  as  in  the  tixtttive 
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all  pins,  nails  or  thumb  tacks  rust  and  as  a  result  stain  the  specimen. 
If  it  is  desired  to  maintain  the  tubular  form  of  the  gastro-intestinal 
tract,  this  can  be  done,  if  it  has  not  been  opened,  by  tying  off  the 
upper  and  lower  ends  and  injecting  tluid  into  the  lumen  with  a 
syringe  and  needle. 

If  only  the  surface  of  the  brain  is  important,  as  in  meningitis 
or  subarachnoid  hemorrhage,  fixation  in  toto  is  satisfactory.  With 
internal  lesions,  however,  cutting  of  the  brain  while  fresh,  and  the 
preservation  of  sections  1  to  3  cm.  in  thickness,  are  much  more 
satisfactory.  Good  fixation  of  the  whole  brain  can  be  obtained  by 
injection  of  fixative  through  the  blood  vessels. 

(2)  Fixing  Solutions 

A  great  variety  of  solutions  have  been  devised  for  the  preserva¬ 
tion  of  the  color  in  gross  specimens.  In  our  experience  the  methods 
of  Kaiserling  and  Jores  have  proved  the  most  satisfactory  and  these 
will  be  given  in  detail. 

a.  Kaiser  ling’s  Solutions. — The  Kaiserling  (1897)  method 
consists  of  the  use  of  three  different  solutions  of  the  following 
compositions : 

Kaiserling  Solution  No.  I 


Formalin 

400 

cc. 

Water,  tap 

2000 

cc. 

Potassium  nitrate 

30 

gm 

Potassium  acetate 

60 

gm 

Kaiserling  Solution  No.  II 
Alcohol,  ethyl,  80  per  cent 

Kaiserling  Solution  No.  Ill 


Glycerin 

500 

cc. 

Arsenious  acid,  1  per  cent  aqueous  solution 

200 

cc. 

Wkater,  tap 

2300 

cc. 

Potassium  acetate 

250 

gm 

Thvmol 

2.5 

gm 

The  arsenious  acid  water  and  the  thymol  are  added  to  prevent 
growth  of  molds.  Some  difficulty  may  be  encountered  in  getting 
the  arsenious  acid  into  .solution.  This  can  be  easily  done  if  a  1  per 
cent  solution  of  arsenic  trioxide  (As-O;;)  is  made  uj)  in  water  and 
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tiu'  lla.sk  coiitainintj:  this  solution  is  i)lac('(l  in  an  Arnold  stnain  stcr- 
ilizei  foi  ()  honrs.  I  lu‘  thymol  ca'ystals  are  ground  np  in  a  mortar 
and  idlo\\ed  to  lloat  at  the  snriaee  of  th('  solution. 

Solution  Xo,  I  is  lor  li.xation.  The  spt'cimens  must  be  left  in 
it  Irom  1  day  to  2  weeks.  de|Hmding  on  their  size.  Large  siieeimens 
(.tin  be  li.xed  more  rapidly  by  injecting  li.xative  through  the  circu¬ 
latory  system,  or  by  imiiregnation  of  the  center  by  use  of  a  long 
needle  and  syringe. 

Alter  fixation  the  specimen  is  washed  for  12  hours  in  running 
u.itei  tind  ])laced  in  Solution  Xo.  II.  d'lie  i)urpose  of  this  is  to 
bring  back  the  maximum  amount  of  color.  The  time  necessary 
varies  from  10  minutes  to  1  hour.  During  this  process  the  speci¬ 
men  should  be  watched,  as  alter  the  ojitimum  change  has  occurred 
the  colors  begin  to  fade  and  cannot  again  be  restored. 

The  specimen  is  next  rin.sed  off  in  water  and  put  in  Solution 
Xo.  Ill,  where  it  can  remain  indefinitely. 

b.  Jores’  Solutions.— The  method  of  Jores  (1913)  is  similar 
but  makes  use  of  only  two  solutions.  They  are  made  up  in  the 
following  manner: 


1.  Fixing  Solution 

Chloral  hydrate 
C  arlsbad  salts,  artificial 
Formalin 
Water,  tap 


50  gm. 
50  gm. 
100  cc. 
1000  cc. 


I  he  artiticial  C  arlsbad  salts  (  Klotz  and  Maclachlan,  1915  ) 
the  following  com|^osition ; 


have 


Sodium  sulfate 

22 

gm 

Sixlium  bicarbonate 

20 

gm 

gm 

Sodium  chloride 

IS 

Fotassium  nitrate 

38 

gm 

Potassium  sulfate 

2 

gm, 

2.  Pre.serving  Solution 

Potassium  acetate 

o 

o 

gm. 

Clycerin 

600 

cc. 

Water,  distilled 

1000 

cc. 

Specimens  are  fixed  in  the  first  solution  for  2  days  to 
according  to  size,  washed  for  12  hours  in  running  water 


2  weeks, 
and  then 
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placed  in  the  preserving  solution.  No  alcohol  is  necessary.  In  our 
laboratory  instead  of  the  preserving  solution  of  Jores  we  prefer  to 
use  Kai.'^erling's  Solution  No.  Ill,  following  fixation  in  Jores’  fixing 
solution. 

An  additional  method  of  producing  good  colors  is  one  that  was 
originally  described  by  A.  Schultz  (1931).  It  makes  use  of  carbon 
monoxide  obtained  from  illuminating  gas,  to  change  the  blood  pig¬ 
ment  present  in  the  specimen  to  CO-hemoglobin.  Either  the 
Kaiserling  or  Jores  fixing  solutions  may  be  used,  but  the  solution 
chosen  is  saturated  with  carbon  monoxide  by  bubbling  illuminating 
gas  through  it.  The  specimen  is  then  fixed  in  this  solution  in  the 
same  way  as  described  above.  No  alcohol  treatment  is  necessary. 

The  colors  produced  by  this  process  are  excellent  but  the  method 
is  somewhat  dangerous  due  to  the  chances  of  poisoning  and  ex¬ 
plosion.  It  .should  be  carried  out  either  in  a  well  ventilated  chem¬ 
ical  hood,  or  in  the  special  apparatus  described  by  Robertson  and 
Lundquist  (1934). 

3.  LABELING 

During  the  process  of  fixation  a  string  long  enough  to  reach  out¬ 
side  of  the  jar  is  attached  to  the  specimen.  A  tag  is  tied  to  the 
string  with  the  autopsy  or  surgical  number  written  on  it.  Excellent 
tags  for  this  purpose  can  be  made  by  sawing  wooden  tongue  de¬ 
pressors  in  half  and  boring  a  hole  in  the  rounded  end,  so  that  the 
string  can  be  inserted.  Pencil  rather  than  ink  should  be  used  for 
numbering. 

.After  the  specimen  has  been  carried  through  the  preserving 
fluids  a  smaller  permanent  label  should  be  attached.  Sheets  of 
white  celluloid  about  0.5  mm.  in  thickness  are  cut  up  in  sizes  con¬ 
venient  for  labeling  and  a  small  hole  punched  in  either  end.  The 
number  of  the  specimen  is  written  on  the  tag  in  ordinary  ink  and 
the  tag  is  dipped  in  acetone  for  a  moment.  It  is  then  allowed  to 
dry.  This  process  fixes  the  labeling  on  the  tag  and  makes  it  per¬ 
manent.  The  tag  can  now  be  sewed  on  the  specimen.  Care  should 
be  taken  to  sew  it  to  as  fibrous  a  portion  of  the  specimen  as  can 
be  found  and  yet  not  have  it  too  conspicuous.  This  method  has 
proved  very  satisfactory  in  our  experience  and  labels  have  lasted 
well. 
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4.  MOUNTING 

Although  uiiniounled  specinuMis  arc  in  many  ways  more  satis¬ 
factory  for  teaching,  they  soon  lose  their  colors’and,' if  fragile,  are 
broken.  Therefore,  any  unusual  or  valuable  specinums  should  be 
mounted  in  separate  gla.ss  containers.  'I'he  most  common  tvpe  of 
container  used  is  a  rectangular  glass  museum  jar.  Thes(‘  can  be 
obtained  in  a  great  variety  of  sizes. 

Success  m  mounting  si)ecimens  depends  to  a  certain  degree  upon 
the  ingenuity  of  the  i)erson  doing  it.  'I'here  are  (piite  a  variety  of 

methods  that  can  be  used.  The  three  most  common  are 'the 
lollowing: 

1.  A  frame,  which  will  lit  in  the  jar  that  has  been  chosen,  is 
made  by  bending  a  glass  rod.  1die  si)ecimen  is  sewed  to  the  frame 
in  sued!  a  way  that  important  lesions  can  easily  be  seen  through  the 
jar.  I  he  glass  bending,  while  simple  for  the  expert,  is  difficult  for 
the  beginner.  Museum  jars  can  be  bought  with  glass  frames  al¬ 
ready  made  to  ht  them.  These  frames  hang  in  slots  made  in  the 
upper  wall  of  the  jar.  They  are  very  convenient. 

2.  \\  hen  only  one  surface  of  the  specimen  is  important,  this 
suriace  can  be  pressed  against  the  side  of  the  jar  by  packing  the 
remaining  space  of  the  jar  with  absorbent  cotton  saturated  with 
preserving  tluid.  This  is  easily  done  by  the  use  of  long  surgical 
dressing  forceps.  Care  should  be  taken  to  get  rid  of  all  air  bubbles. 

-v  An  old  .v-ray  him  can  be  cleaned  of  its  emulsion  by  soakini^ 

It  in  hot  water.  It  is  then  cut  to  a  size  that  will  ht  a  jar  and  the 
specimen  sewed  to  it.  The  celluloid  him  is  not  injured  by  the  pre¬ 
servatives  and  is  practically  invisible  when  the  jar  is  filled  with 
tiuid. 

Before  cen,enti„^  the  cover  on  a  jar  it  shot, I, i  be  tilled  with 
llllld  to  within  about  5  mm.  of  tlie  top,  .Vo  portion  of  ll,e  .specimen 
or  the  cotton  shouhl  e.xtenti  aliove  the  lit, id.  It  is  a  Rootl  practice  to 
sprinkle  a  small  amount  of  thymol  cry.stals  on  the  surface  of  ihe 
llllld  as  this  prevents  the  growth  of  molds.  Before  allemptin.g  lo 

cement  on  the  top,  clean  the  contact  edges  of  the  jar  will,  alcohol 
and  allow  them  to  dry. 

Almost  every  museum  curator  has  his  own  formula  for  a  cement 
lor  museum  jars.  Tlie  main  ingredient  of  most  of  these  is  asiihalt 
and  this  IS  usually  diluted  with  a  small  amount  of  paraffm.  'I'he 
lormula  used  by  us  is  the  following: 


3^4 


PATI r( ) l.( )( '.K'A  L  TKCI fN  I (^UP: 


2  parts 
1  part 


Battery-seal  asphalt 
Trinidad  asphalt 

These  are  melted  and  mixed  by  heating  on  an  electric  stove  or 
sand  bath.  If  the  resulting  mixture  proves  too  brittle  a  little  par¬ 
affin  is  added.  To  use  this  cement  it  must  be  melted  and  applied 
while  hot  to  the  top  of  the  jar.  It  should  harden  in  12  to  24  hours. 
It  is  wise  to  put  some  sort  of  weight  on  top  of  the  jar  until  the 
cement  is  hard. 

A  simpler  and,  in  our  opinion,  more  satisfactory  method  of  seal¬ 
ing  museum  jars  is  to  use  the  ordinary  type  of  household  cement 
that  is  sold  at  hardware  stores  for  mending  china.  We  use  a 
du  Pont  preparation  called  “Duco.”  One  needs  only  to  apply  the 
substance  to  the  top  of  the  jar  and  put  the  cover  on  the  jar  care¬ 
fully  so  that  the  cement  distributes  itself  evenly  over  the  contact 
surfaces.  It  will  harden  in  8  to  12  hours. 

In  most  museum  jar  tops  a  small  hole  is  present  in  one  corner, 
so  that  fluid  may  be  added.  The  jar  should  never  be  filled  com¬ 
pletely,  an  air  space  of  1  to  2  mm.  must  be  left  to  allow  for  the  ex¬ 
pansion  of  the  preserving  fluid  with  variations  in  tempeiature.  This 
hole  may  be  closed  by  filling  it  with  soft  paraffin  or  putty. 

.Another  method  of  mounting  small  specimens  is  the  so-called 
watchglass  method.  In  this  the  specimen  is  trimmed  so  that  it  will 
fit  in  a  watchglass  or  Petri  dish.  The  watchglass  is  then  filled  with 
preservative  and  cemented  to  a  glass  plate.  Details  of  this  method 
may  be  obtained  by  reading  the  descriptions  given  by  \\  arren 
(1933)  or  by  Larson  and  Levin  (1937). 

The  method  has  the  advantages  that  the  materials  used  are 
cheap  and  the  space  needed  for  the  storage  of  finished  specimens 
is  small.  It  has  the  disadvantage  that  it  is  somewhat  time-consum¬ 
ing  and  difficult  technically  for  the  beginner. 
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PHOTOGRAPHY 

1.  PHOTOGRAPHY  OF  GROSS  PATHOLOGICAL  SPECIMENS 

(li  Apparatus 

a.  Camera.  The  type  most  frecjiiently  used  is  a  bellows  camera 
taking  5  by  7  inch  plates.  It  should  have  a  tripod  or  stanrl  so 
that  It  can  be  used  in  a  vertical,  obli{|ue,  or  horizontal  position. 
A  last  lens  or  a  shutter  is  of  no  advantage  as  practically  all  photo¬ 
graphs  will  need  time  e.xposure. 

h.  Illumination.  Artilicial  illumination  is  in  general  more  satis- 
factoi\  than  daylight,  because  it  is  always  available  and  constant 
in  quantity.  It  is  best  provided  by  two  portable  lights  with  500  to 
1000  watt  bulbs  and  effective  reflectors.  The  specially  prepared 
phototlood  bulbs  are  cheap  and  very  good. 

r.  Tank  Jar  Sped  men. s.^Most  specimens  should  be  taken  un¬ 
der  water.  For  small  specimens  a  tlat-bottomed  glass  dish  can  be 
used.  The  tank  (Fig.  14)  devised  by  T.  Bitterman  (1922)  with 
a  glass  bottom  and  sides  can  be  highly  recommended.  Its  dimen¬ 
sions  are:  length  25  inches  (65.5  cm.),  width  16  inches  (40.6  cm.), 
height  10  inches  ( 25  cm. ).  It  is  elevated  on  legs  10  inches  (  25  cm.) 
high  in  order  that  sharlows  cast  by  the  specimen  do  not  reach  the 
background  which  is  put  on  the  lloor  beneath.  The  tank  has  a 
small  hole  drilled  through  one  corner  of  the  bottom  to  facilitate  the 
removal  of  the  water. 

d.  Plates.— .\  great  variety  of  plates  and  films  are  used.  In 
general  it  can  be  said  that  panchromatic  emulsions  should  be  em¬ 
ployed,  that  on  the  whole  emulsions  that  will  give  contrast  are 
betUa-  than  soft  ones,  and  that  there  is  no  advantage  in  using  very 
rapid  plates  or  films.  It  is  undoubtedly  true  that  for  the  non-pro¬ 
fessional  photographer  it  is  better  to  use  consistently  one  type  of 
I)late  and  become  thormighly  ac(|uainted  with  its  po.ssibilities  rather 
than  to  change  plates  constantly.  When  panchromatic  emulsions 
are  used,  color  hlters  are  usually  unnece.ssary.  Sometimes  a  Wrat- 
ten  K;;  filter  can  be  used  to  advantage. 
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(2)  Photographs 

When  possible  it  is  more  satisfactory  to  fix  the  specimens  in 
the  Kaiserling  or  Jores  fixatives  before  attempting  to  photograph 
them.  Fresh  material  can  be  taken,  however,  and  fair  results  ob¬ 
tained.  A  knowledge  of  the  general  principles  of  photography  is 
very  helpful,  but  if  the  following  suggestions  are  carried  out  good 
photographs  should  be  obtained. 


Fis.  14.-GIa.ss  tank  devised  by  T.  Bitterman  for  photographing  gross  specimens 
under  water.  The  illustration  shows  the  necessary  arrangement  of  camera,  lights  and 
background. 

The  first  and  often  most  important  step  is  the  preparation  of  the 
specimen.  It  is  obvdous  that  it  should  be  placed  in  such  a  position 
that  the  most  important  side,  or  surface,  faces  the  camera.  Fre- 
cjiiently,  by  careful  dissection  important  lesions  can  be  brought  into 
sight.  A  piece  of  glass  rofl  can  be  used  to  spread  open  a  cavity 
or  the  lumen  of  a  blood  vessel,  or  the  preparation  can  be  pinned  to 
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a  piece  of  cork  or  wood.  W'lien  the  s[X'cinien  is  to  be  [)hoto^ra[)hed 
under  wat('r  the  same  result  can  be  accomplished  by  sewin^f  a  weight 
to  the  back  surlace.  k’or  this  ixirjiose  variously  sized  piec(‘s  of 
sheet  lead  about  hs  inch  in  thickness  are  convenient.  If  numerous 
IH'rforations  are  bored  in  these,  sewing  is  made  easier. 

Most  specimens,  either  fresh  or  fixed,  will  be  wet  and  have 
shiny  surfaces.  Because  of  this  they  will  produce  annoying  high 
lights  in  the  photograph.  I  his  can  be  avoided  to  a  certain  extent 
by  drying  the  specimen  carefully  and  arranging  the  lights  in  such 
a  manner  that  no  high  lights  are  \dsible  when  the  image  is  seen  in 
the  ground  glass  of  the  camera.  better  method  of  obtaining  the 
same  result  is  to  photograph  the  specimen  while  it  is  just,  but  com¬ 
pletely,  covered  with  water.  This  can  be  done  even  with  fresh 
material  if  all  free  blood  is  first  carefully  washed  away. 

The  specimen  should  be  illuminated  chielly  from  one  side  and 
somewhat  obliquely.  Too  even  an  illumination  without  shadows 
leads  to  a  Hat  photograph  without  perspective.  Shadows  around 
the  object,  however,  are  to  be  avoided  when  possible.  This  is  best 
accomplished  by  the  use  of  a  tank  with  a  glass  bottom. 

L  se  a  white,  gray  or  dark  background,  according  to  the  color  of 
the  tissue  to  be  photographed.  The  specimen  should  stand  out 
against  it  in  sharp  contrast. 

Focus  on  the  surface  of  the  specimen.  If  no  sharp  details  are 
present  place  a  printed  card  or  celluloid  ruler  on  the  highest  point 
and  focus  on  that.  Then  close  the  diaphragm  to  a  small  opening 
(F-32  to  F-64).  dliis  procedure  greatly  lengthens  the  time  of  ex¬ 
posure  required,  but  gives  sharp  detail  and  great  depth  of  focus. 

Some  indication  of  size  is  often  important  in  a  photograph.  A 
celluloid  ruler,  if  put  at  the  side  of  the  specimen  and  photographed 
at  the  same  magnification,  is  of  value  for  this  purpose. 

.•\n  exposure  meter  is  a  great  convenience  and,  when  properly 
used,  will  ayoid  much  over-  and  underexposure.  Two  factors  must, 
however,  be  kept  in  mind.  In  the  first  place  the  reading  should  be 
taken  from  the  specimen  itself  anrl  should  not  include  too  great  a 
proportion  of  background.  In  the  second  place,  since  most  gross 
specimens  are  photographed  with  the  camera  relatively  close  to  the 
object,  in  most  instances  the  reading  obtained  with  the  meter  must 
be  corrected  by  multiplying  it  by  a  factor  which  varies  considerably 
with  the  distance.  This  factor  can  be  calculated  by  the  use  of 
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somewhat  complicated  formulas,  but  can  be  easily  and  accurately 
enough  figured  out  from  the  table  given  below.  The  formulas  used 
to  calculate  the  exposure  factor  are; 


T  - 
1)  -- 
F  - 
B  . 


T  = 
D  = 


J)“ 

F- 

B  X  F 
B  -  F 


the  exposure  factor 

the  distance  between  the  lens  and  the  image 

the  focal  length  of  the  lens 

the  distance  between  the  object  and  the  lens 


To  avoid  the  calculations  necessitated  by  the  use  of  these  for¬ 
mulas  the  following  table  will  be  found  convenient  and  sufficiently 
accurate. 
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1.  Magnification 

\'ery 

small 

0.054 

0.11 

0.20 

0.25 

0 .  ,1,1 

0 . 50 

0.66 

1.0 

1 . 50 

1.75 

2,0 

2.  Distance  from 
lens  to  object 
measurcfl  in 
focal  lenKths 
B/F 

>20 

20 

10 

6 

5 

4 

5 

2.5 

2 

1.7 

1,6 

1.5 

3.  Exposure  factor 
T 

I 

1  10 

1 .2,1 

1  44 

1.55 

1.78 

2.25 

2.75 

4 

5,86 

7 

Q 

The  table  is  used  in  the  following  manner: 

1.  Focus  the  camera  at  the  desired  magnification  or  reduction. 

2.  Measure  the  distance  between  the  lens  and  the  specimen. 

3.  Divide  this  measurement  by  the  focal  length  of  the  lens. 
This  gives  the  distance  between  the  lens  and  the  object  measured 
in  focal  lengths  of  the  lens  (Table  VI,  2). 

4.  Apply  this  measurement  to  the  table  and  read  the  corre¬ 
sponding  exposure  factor  (Table  VI,  3). 

5.  Multiply  the  reading  of  the  exposure  meter  by  this  factor 
and  the  [iroper  time  of  exposure  will  be  obtained. 

6.  Table  \T,  1,  gives  the  actual  magnification  obtained  for 
each  B  F. 

2.  MICROPHOTOGRAPHY 
il)  APPARATUS 

a.  Micro photoii^nipliic  Apparatus. — A  great  variety  of  micro¬ 
photographic  apparatus  is  manufactured  by  the  various  optical 
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apparatus  coinpaiiius  but  it  is  not  within  tlu*  scope  of  this  hook  to 
rcconinuMul  or  (ici)r('ca((>  any  particular  type.  'I'he  following  num¬ 
eral  statements  can,  however,  be  made. 

I  he  better  the  len.^es  of  the  microscope  used,  the  better  will 
be  the  photographs  that  can  be  taken,  .\pochromatic  lenses  are 
undoubtedly  better  than  achromatic  ones  but  good  photographs  can 
be  taken  with  the  latter. 

A  stand  that  is  rigid  and  a  location  that  is  free  from  vibration 
are  both  necessary.  It  is  also  indispensable  that  the  apparatus 

should  always  be  kept  in  good  alignment,  with  the  light  pronerlv 
centered. 

Particularly  lor  low  power  microphotographs  an  especially  de¬ 
signed  group  of  condensers  is  more  satisfactory  than  trying  to  use 
those  usually  jirov’ided  in  the  ordinary  microscope. 

A  brilliant  but  constant  source  of  illumination  is  to  be  desired. 
•Vn  arc  light  with  automatic  feed  is  fairly  satisfactory  but  some¬ 
what  variable  m  intensity.  A  powerful  ribbon  filament  bulb  (18 
amp.,  6  volt,  T  10  projection  lamp,  burn  base  down)  is  more  efficient. 

b.  Color  Screens. — We  have  found  the  following  liquid  filter 
most  satisfactory,  and  it  works  perfectly  well  with  all  the  staining 
methods  mentioned  below. 

Copper  suifale  175  gni. 

Potassium  bichromate  17  trm 

Sulfuric  acid,  concentrated  2  cc 

up  to  500  cc. 

It  is  used  in  a  fiat  glass  cell,  1  cm.  in  thickness.  If  the  cell  is 
too  thick  the  sijlution  must  be  diluted. 

The  commercial,  dyed  celluloid  filters  are  also  very  useful. 

c.  -Plates  with  a  moderately  rapid  panchromatic  emul¬ 

sion  should  be  used. 


{2)  The  Essentials  of  Microphotography 

I  he  first  tind  greatest  secret  of  good  iiticropliotogra|)Iis  is  a  per¬ 
fect  section  perfectly  stained.  If  one  has  tliis  tile  rest  of  tile  process 
is  comparatively  simple. 

'I’he  second  important  point  is  choice  of  field.  This  is  a  time- 
consuming  proce.ss  but  it  is  absolutely  necessary  if  the  picture  is  to 
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tell  its  story.  No  artefacts  of  any  sort,  such  as  scratches  or  for¬ 
eign  bodies,  should  be  tolerated.  The  selected  fields  should  be 
circled  either  by  means  of  a  diamond  marker  or  with  a  pen  dipped 
in  methyl  violet  shellac  or  India  ink.  When  it  comes  to  photo¬ 
graphing  the  desired  fields  the  slide  should  be  rotated  by  means  of 
the  movable  stage  until  the  field  represents  a  well  balanced  appear¬ 
ance  with  the  main  lines  running  horizontally  or  vertically  and  with 
the  most  important  feature  in  the  center  of  the  field. 

It  is  a  frequent  mistake  to  expect  too  much  of  a  microphoto¬ 
graph  as  far  as  depth  of  focus  is  concerned.  One  cannot  satisfac¬ 
torily  get  more  in  a  photograph  than  one  can  see  with  the  same 
combination  of  lenses  without  changing  the  fine  adjustment.  As  a 
rule,  low  power  lenses  have  greater  depth  of  focus  than  those  of 
high  power.  If  a  whole  cell  or  fiber  can  be  brought  into  focus  with 
a  low  power  lens,  but  not  with  a  high  power,  it  is  possible  to  take 
the  photograph  with  the  lower  power  and  to  enlarge  the  negative 
in  printing.  This,  however,  is  not  considered  good  photography  as 
the  enlargement  of  the  negative  can  produce  no  greater  detail  than 
is  present  in  the  original  negative. 

In  photographing  a  series  of  slides  it  is  advisable  to  do  at  one 
time  all  the  fields  requiring  the  same  magnification.  By  this  method 
the  timing  of  the  exposures  is  simplified  and  rendered  a  certainty 
and  the  changes  of  objectives,  oculars  and  condensers  reduced  to  a 
minimum.  It  will  be  found  that,  as  a  rule,  it  is  much  easier  to 
take  good  high  power  pictures  than  those  of  low  magnification. 

The  following  staining  methods  all  give  good  results  photo¬ 
graphically.  An  intense,  sharp  stain  is  desired  but  it  should  not  be 
too  deep  except  when  very  low  magnification  is  wanted: 

Phloxine  and  methylene  blue  after  Zenker  fixation;  the  best  gen¬ 
eral  stain  and  the  one  most  commonly  useful.  Under  this  heading 
should  be  included  the  Giemsa  and  Romanowsky  stains. 

Alum  hematoxylin  and  phloxine  or  eosin;  used  chiefly  for  cel- 
loidin  sections.  The  resulting  prints  and  lantern  slides  have  a  soft 
attractive  quality.  The  hematoxylin  alone  is  useful  for  bringing 
out  the  nuclei  in  Gram-Weigert  and  tubercle  bacillus  stains. 

Phosphotungstic  acid  hematoxylin;  excellent  for  tumors,  espe¬ 
cially  when  mitotic  figures  and  neuroglia,  fibroglia  or  myoglia 
fibrils  are  [)resent. 
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Weigert’s  and  Verhoeff’s  elastic  tissue  stains;  the  latter  is  espe¬ 
cially  designed  for  tissues  fixed  in  Zenker's  Iluid. 

(irain-Weigert  and  tubercle  bacillus  staining  methods. 

A  working  knowledge  of  photograjiliy  is  a  desirable  asset  be¬ 
fore  undertaking  microphotography,  but  with  persistence  and  ex¬ 
perience  any  one  can  in  time  expect  to  get  fairly  good  results. 


J.  DEVELOPING,  FIXING,  PRINTING,  MAKING  OF  LANTERN  SLIDES 

(1)  Developing 

Developer  jar  PAi/r.v.-  -The  following  developer  has  iwoved  very 
satisfactory  for  quite  a  variety  of  plates  but  it  is  not  nece.ssarily 
better  than  the  type  recommended  by  the  manufacturers  of  the 
plate  used.  Make  up  and  keep  Solutions  A  and  B  separate. 

Solution  A 


Water,  tap,  cold  IOQO  cc. 

Pyrogallic  acid  20  gm. 

Potassium  metabisulfite  2.5  gm. 

Solution  B 

Water,  tap,  warm  lOoo  cc. 

Sodium  sulfite,  anhydrous  100  gm 

Sodium  carbonate,  anhydrous  40  gm. 


just  before  use,  mix  equal  parts  of  the  two  solutions.  Add 
10  to  12  drops  of  a  10  per  cent  aqueous  solution  of  potassium 
bromide  to  120  cc.  of  the  mixture.  Develop  3  minutes  at  68°  F. 

This  is  a  strongly  alkaline  pyrogallic  mixture.  A  properly 
exposed  plate  is  fully  developed  by  it  in  3  minutes.  As  soon  as 
the  developer  is  poured  over  the  plate,  brush  the  surface  gently 
with  a  wad  of  cotton  to  remove  all  air  bubbles.  Do  over  the  sur¬ 
face  in  the  same  way  after  the  plate  is  washed  and  just  before  it 
IS  put  to  dry  in  order  to  remove  any  particles  of  dirt  or  iron  rust 
in  the  running  water  which  may  have  been  deposited  on  it. 

i2)  Fixing 

The  fixative  is  made  up  in  two  parts,  A  and  B;  when  all  salts 
are  dissolved,  combine  the  two  solutions  and  keep  as  a  single  stock 
solution. 
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Fixatives  jar  Plates  and  Prints. — 

Solution  A 

Water,  tap  3840  cc. 

Sodium  thiosulfate  960  gm. 

Sodium  sulfite,  anhydrous  90  gm. 

Solution  B 

Water,  tap  960  cc. 

Chrome  alum,  powdered 

(chromium  ammonium  sulfate)  60  gm. 

Sulfuric  acid,  concentrated  15  cc. 


Pour  Solution  B  into  Solution  A  while  stirring  well.  Fix  plates 
about  20  minutes. 

This  is  the  acid  chrome  alum  fixing  solution  in  general  use  by 
professional  photographers.  It  keeps  indefinitely  in  stock  solution. 
Other  fixing  baths  may  be  used  if  desired. 

(3)  Printing 

Printing  Paper. — A  glossy,  moderately  contrasting  paper  is  rec¬ 
ommended  for  general  use.  Best  results  can  be  obtained  by  keep¬ 
ing  paper  of  three  or  more  degrees  of  contrast  on  hand  to  try  when 
the  print  on  the  usual  paper  is  not  satisfactory. 


Developer  for  Prints 


Metol 

1 

gm. 

Hydroquinone 

3.5 

gm. 

Sodium  sulfite,  anhydrous 

24 

gm. 

Sodium  carbonate,  anhydrous 

24 

gm. 

Potassium  bromide 

1.3 

gm. 

Water,  tap 

1000 

cc. 

The  ingredients  must  be  dissolved  in  the  following  manner  using 
warm  tap  water  of  about  125°  F. 

To  600  cc.  water  add  the  metol,  one-half  the  sodium  sulfite, 
the  hydroquinone,  and  then  the  second  half  of  the  sodium  sulfite. 
Each  must  be  in  solution  before  the  next  is  added.  In  a  separate 
container  add  the  sodium  carbonate  to  400  cc.  warm  water.  When 
this  is  in  solution  the  contents  of  the  two  containers  may  be  mixed 
and  the  potassium  bromide  added. 
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As  is  well  known,  iho  motol  sometimes  causes  eczema  of  the 
tinfjier^  but  witii  a  little  care  or  l)y  tlie  use  of  rubber  cots  this  can 
generally  be  avoided. 

Squrri'cnn;^. — After  the  prints  have  been  fixed  and  washed 
they  are  s(|ueegeed  onto  the  surface  of  ferrotyi)e  plates. 

I  o  prevent  sticking,  a  few  drojis  of  a  saturated  solution  of  white 
beeswax  or  paraffin  in  tuipentine  or  in  xylol  are  poured  on  the 

l)late,  and  them  rubbed  over  the  surface  with  a  soft  towel  until  it  is 
highly  polished. 

As  piints  prepared  in  this  way  often  show  a  moth-eaten  ap¬ 
pearance  on  the  surface  where  particles  of  air  have  prevented  in¬ 
timate  contact  with  the  plate  we  have  found  it  advisable  to  dip  the 
prints  in  25  per  cent  alcohol  just  before  sejueegeeing  them. 

Old  prints  can  be  treated  in  the  .same  way  if  they  are  first  soaked 
in  water.  As  soon  as  the  prints  come  off  the  plates  they  should 
be  put  under  pre.ssure  ( between  the  leaves  of  a  book  will  do)  to  pre¬ 
vent  curling.  If  they  have  curled  at  all  badly,  hold  them  over  a 
steaming  dish  of  hot  water  for  a  moment  to  soften  the  surface  and 
then  run  the  prints  over  the  edges  of  a  desk  or  table,  with  the  print 

surface  uppermost  to  reverse  the  curl;  then  put  under  pressure  again 
until  perfectly  dry. 

(4)  Making  of  Lantern  Slides 

Lantern  Slides.  We  have  used  various  makes  and  have  found 
most  of  them  .satisfactory. 


Developer  for  Lantern  Slides 

W^ater,  tap 

Hydroquinone 

Sodium  sulfite 

Citric  acid 

Potassium  bromide 

Sodium  carbonate,  anhydrous 


1000  cc. 
6.25  gm. 
11.25  gm. 
0.7  gm. 
0.7  gm. 
.50  gm. 


Di.ssolve  in  tl.e  order  listed.  Develops  slowly  at  first,  rapidly 
ater.  Cood  results  can  also  be  obtained  with  the  metol-hydro- 
quinone  developer  recommended  for  prints.  Do  not  overexpose; 
develop  up  full;  make  exposures  in  an  enlarging  and  reducing 
camera,  not  by  direct  contact. 


CHAPTER  XIX 


ADDENDA 

1.  METHOD  FOR  BLACKENING  TABLE  TOPS 

\\’iiiTEWooD  is  preferable  for  table  tops  as  it  is  cheaper  and 
takes  the  stain  better  than  pine.  Oak  and  birch  also  give  good  re¬ 
sults.  If  the  table  tops  are  blotched  with  paraffin,  wax  or  resin, 
remove  these  before  applying  the  stain.  It  is  not  necessary  to 
remove  stains  made  by  dyes.  Paint  the  top  surfaces  and  edges  with 
the  following  solution  and  proceed  as  given  below. 


Solution  A 


Copper  sulfate 

125 

gm. 

Potassium  chlorate 

125 

gm. 

Water 

1000 

cc. 

oil  until  dissolved. 

Solution  B 

.Aniline  hydrochloride 

150 

cc. 

Water 

1000 

cc. 

1.  Cover  the  floor  completely  under  and  around  the  tables 
with  papers  and  with  a  brush  apply  two  coats  of  Solution  A  while 
hot,  the  second  as  soon  as  the  first  is  dry. 

2.  When  dry,  apply  in  the  same  way  two  coats  of  Solution  B 
and  let  them  dry  thoroughly. 

3.  Rub  in  a  thin  coat  of  raw  linseed  oil  and  polish  by  rubbing 
with  a  cloth. 

4.  When  dry,  wash  thoroughly  with  hot  soapsuds  and  rub  again 
with  raw  linseed  oil. 

5.  Rub  with  cotton  waste  over  and  over  again  until  the  black 
stain  no  longer  comes  off. 

6.  Once  a  week  a])|)ly  liquid  paraffin  to  keep  the  tops  in  perfect 
condition. 

2.  METHOD  FOR  CLEANING  GLASSWARE 

For  ordinary  purposes  new  slides  and  coverslips  are  cleaned 
by  dipping  in  alcohol  and  wiping  dry  with  a  soft  linen  cloth.  They 

.•(04 


addkxda 


.^05 

may  also  be  cleaned  by  dipping  in  acid  alcohol,  washing  thomughlv 
m  water  and  wiping  dry  from  95  per  cent  alcohol.  Keep  in  a 
lightly  covered  glass  dish  or  in  a  box. 

I' or  cleaning  glassware  of  all  kinds,  e.speciallv  for  ii.se  in  silver 
stains,  a  better  method  is  to  leave  the  glassware  1  hour  or  longer 
m  the  following  cleaning  solution: 


rotassium  bichromate 
Water 

Sulfuric  acid 


160  gm. 
2000  cc. 
240  cc. 


Dissolve  the  potassium  bichromate  in  the  water,  which  should 

be  heated,  and  then  add  the  sulfuric  acid  slowlv  while  stirring  con¬ 
stantly.  '  ” 

A  similar  solution,  much  stronger  and  omitting  the  water  can 
also  be  used.  ’ 


Potassium  bichromate 
Sulfuric  acid 


100—150  gm. 
2500  cc. 


Place  in  a  large  pyrex  flask  and  dissolve  the  potassium  bichro- 
mate  carefully  by  heating  on  an  electric  stove 

These  solutions  remove  any  alkaline  silicates  that  may  have 
formed  on  the  surface  of  the  glass. 

After  treating  with  one  of  the  cleaning  solutions,  wash  gla.ssware 
lotoughly  m  tap  water  and  rinse  in  distilled  water  For  silver 
staims  It  is  essential  that  the  glassware  shall  not  be  handled 

To  clean  old  slide  preparations,  heat  until  the  balsam  softens 
so  that  coverslips  and  slides  can  be  drawn  apart.  The  slides  and 
covershps  are  then  treated  separately. 

The  cover., lips  are  soaked  first  in  xylol  t.nd  ,|,en  in  alcohol 
or  severa  days  to  remove  the  balsam,  left  overnight  in  a  strong 
soluton  of  one  of  the  powdered  soaps  (do  not  boil),  washed  thor¬ 
oughly  in  water,  dipped  m  dilute  aciti  or  acid  alcohol,  washed  avain 
m  water  and  wiped  dry  from  95  per  cent  alcohol. 

The  slides  are  put  into  jars  of  waste  alcohol,  or  of  xylol  fol- 
owtd  by  a  cohoi,  lor  several  days  to  remove  II, e  balsam,  and  are 
then  treated  in  the  same  manner  as  the  coverslips. 
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3.  METHYL  VIOLET  SHELLAC  FOR  MARKING 

Shellac,  best  white  10  gm. 

Alcohol,  95  per  cent  20-25  cc. 

Methyl  violet  0.1  gm. 

This  solution  will  be  found  very  convenient  for  marking  im¬ 
portant  fields  in  mounted  sections.  It  may  be  used  with  the  circu¬ 
lar  markers  made  for  this  purpose,  but  a  pen  is  just  as  convenient 
and  less  liable  to  cause  injury  to  the  preparation  by  pressure.  The 
desired  field  is  readily  outlined  under  the  low  power  of  the  micro¬ 
scope  by  a  scries  of  dots  or  a  continuous  line.  The  solution  after 
drying  is  insoluble  in  xylol  or  water. 

4.  HAND  LOTION 

Gum  tragacanth,  powdered 

Boric  acid 

Glycerin 

Water 

Oil  of  rose  geranium 

Mix  the  first  four  ingredients  in  a  bottle  and  set  in  a  warm 
place.  Shake  occasionally.  In  about  a  week  the  gum  tragacanth 
will  be  thoroughly  softened  and  diffused  in  the  water.  The  lotion 
will  be  smoother  if  filtered  or  squeezed  through  fine  cheesecloth 
or  a  towel.  Dissolve  the  oil  of  geranium  in  a  little  alcohol  and 
add  directly  to  the  mixture.  The  amount  of  glycerin  can  be  in¬ 
creased  if  desired. 

5.  PHYSIOLOGICAL  SOLUTIONS 

These  solutions  are  used  for  perfusing  organs,  suspending  tis¬ 
sue  cells  for  supravital  staining,  and  in  tissue  culture  methods.  The 
solutions  most  commonly  used  are  those  of  Ringer,  Locke  and 
Tyrode. 

(1)  Ringer’S  Solution 

Sodium  chloride  (NaCl) 

Potassium  chloride  (KCl) 

Calcium  chloride  (  CaCL  ) 

Water,  distilled 


7  gm. 
0.3  gm. 
0.25  gm. 
1000  cc. 


5-10  gm. 
50  gm. 
200  cc. 
up  to  1000  cc. 

1  cc. 
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1  he  exact  compos 
ferent  workers.  riu' 
colcl-bloodod  animals, 
better. 


ition  of  tliis  solution  has  been  varied  by  dif- 
nne  .yiven  here  is  that  used  by  Ringer  for 
I  ni  mammalian  tissue  Locke’s  solution  is 


Riniter's  solution  may  be  sterilized 


by  autoclavintf. 


(2)  Locke’s  Solution 


Sodium  chloride  (NaC’l) 
Calcium  chloride  (  CaCh. ) 
Potassium  chloride  (  KCl ) 
Sodium  bicarbonate  (NaHCO.-j) 
Dextrose 
Water,  distilled 


9  frm. 
0.24  Km. 
0.42  gm. 
0.2  gm. 
0.1-2. 5  gm. 
1000  cc. 


In  making  up  this  solution  add  the  calcium  chloride  last.  The 

solution  does  not  keep  long  and  should  not  be  boiled.  Sterilize  with 
a  Berkefeld  filter. 


(3)  Tyrode’s  Solution 

Sodium  chloride  (NaCl) 

Potassium  chloride  (KCl) 

Calcium  chloride  (CaCh- ) 

Magnesium  chloride  (  MgCh. ) 

Sodium  bicarbonate  (NaHCO.O 
Monosodiurn  acid  phosphate  (NaHi-PO-i) 

Glucose 

Water,  distilled  „p  jqOO  cc. 

In  making  up  this  solution  the  monosodium  acid  phosphate  must 
be  added  last.  Sterilizing  is  done  through  a  Berkefeld  filter. 


8 

gm. 

0.2 

gm. 

0.2 

gm. 

0.1 

gm. 

1 

gm. 

0.05 

gm. 

1 

gm. 

1 
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\bbe  camera  hicida,  20 
Abdominal  cavity,  inspection  of,  21M 
opening  of.  .?1S 

organs,  removal  and  examination  of,  en 
bloc  techniciue,  2,^8,  ,U1 
en  masse  technique,  .U2,  244 
Rokitansky’s  technique,  Ml 
\'ircho\v’s  technique,  328 
Acetic  acid,  for  testing  for  mucin,  128 
for  untLxed  tissue,  31 
glacial,  to  improve  fixing  qualities  of 
formalin,  39 

■Acetone  and  benzol  in  paraffin  embedding, 

as  dehydration  reagent,  97 
.\chorion  schoenleinii,  281 
Achromatic  lens,  19 
■Acid,  acetic,  for  testing  for  mucin,  128 
for  unfixed  tissue,  31 
glacial,  to  improve  fixing  qualities  of 
formalin,  39 

alum  hematoxylin,  Ehrlich’s,  73 
Mayer’s,  73 
carminic,  77 

chromic,  as  macerating  fluid,  32 
fatty,  crj'stals  of,  Fischler’s  method  for 
staining,  120 

formic,  in  decalcification,  50 
fuchsin,  92 
Altmann’s  aniline,  92 

Kull’s  method  with.  111 
and  light  green,  Alzheimer’s,  for  neu- 
roglia  changes,  246 

and  methyl  green,  Hensley’s,  for  pan¬ 
creas,  211 

and  picric  acid,  for  connective  tissue,  93 
for  nervous  system,  93 
\  an  Gieson’s,  for  collagen  and  retic¬ 
ulum,  152 

-Mallory’s,  for  fibroglia  fibrils,  151 
\  an  Gieson’s,  92 
fuchsin-sulfurous,  147 
hydrochloric,  for  unfixed  tissues,  31 
normal,  147 

nitric,  in  decalcification,  49 
osmii ,  and  corrosive  sublimate  as  fixative 
204 

as  fixative,  44 
as  stain,  95 
for  fat,  1 18 
l)icric,  92 

and  acid  fuchsin  for  collagen  and  reticu¬ 
lum,  1.S2 
as  fixative,  45 
in  decalcification,  50 


•Acid,  polychrome  methylene  blue,  Goodpas 
lure’s,  85 

sulfosalicylic,  in  decalciflcalion,  50 
sulfuric,  and  iodine  for  amj'loiil,  l,l> 
sulfurous,  in  decah  ilication,  .50 
thymonucleic,  l■'eulgen's  stain  for,  147 
trichloracetic,  in  decah  ilication,  50 
Acid-fast  bacteria  in  smears,  stain  for,  275 
Actinomyces  horninis,  278 
staining,  278 

-Mallory’s  method,  for  celloidin  sec¬ 
tions,  279 

for  paraffin  sections,  278,  279 
madurae,  280 
pelletieri,  280 
•Actinomycosis,  278 

•Adrenal  cortex,  cholesterol  esters  in,»21 
glands,  removal  and  examination  of,  en 
bloc  technique,  3.19,  342 
en  masse  technique,  344 
Rokitansky’s  technique,  348 
Virchow’s  technique,  333 
stains  for,  266 
weight  of,  375 

•Agar  and  silver,  Warthin-Starry’s,  for 
treponemas  in  smears,  292 
•Albumin-glycerin  mixture,  Alayer’s,  57 
-Alcohol  and  corrosive  sublimate  fixative, 
(fiemsa’s,  41 

and  formalin  as  fixative,  40 
and  nitric  acid  in  decalcification,  49 
as  dehydrating  agent,  47,  97 
in  celloidin  embedding,  59 
in  paraffin  embedding,  52 
as  fixing  reagent,  36,  37 

for  central  nervous  system,  216 
for  glycogen,  1  26 
as  preservatix  e  after  fixation,  37 
for  washing  tissue  after  fixation,  47 
macerating  fluid,  Ranvier’s,  32 
pi(  ric,  156 

-Mcoholic  borax  carmine.  Grenadier’s,  79 
carmine  (paracarmine),  .Mayer’s,  79 
hemato.xylin  solution,  75 
hyalin,  staining,  207 

•Alexander  and  Campbell’s  niodilication  of 
Eeiiehne-Rickworth’s  method,  257 
•Vlkaline  methylene  blue,  I’nna’s,  85 
•Aliiha-naphthol  and  p_\ronine  stain,  Gra¬ 
ham’s,  for  oxidase  granules  of 
blood,  I8() 

for  oxidase  granules  of  bone  mar¬ 
row,  199 

Altmann’s  aniline  acid  fin  hsin,  92 
•Altmann  Kull  method  for  mitochondria  1  1 1 
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Alum,  ammonio-fcrric  sululiou,  74 
carmine,  (Irenacher’s,  78 
cochineal,  Grenadier’s,  78 
liematoxylin,  acid,  Idirlicli’s,  78 
Mayer’s,  78 

and  azure  II  cosin  for  hone  marrow,  106 

aqueous,  70,  71 

I  )claiield’s,  71 

for  frozen  sections,  8,8 

for  mucin,  128 

for  sodium  urate  crystals,  14,S 
Harris’,  72 

Alzheimer’s  ameboid  neuroglia  cells,  244 
hullkiirperchen,  244,  246 
light  green-acid  fuchsin  method  for  neu¬ 
roglia  changes,  246 

modification  of  Mallory’s  phosphomo- 
lybdic  acid  hematoxylin  stain  for 
neuroglia  changes,  245 
of  Mann’s  eosin-methyl  blue  stain,  for 
axis  cylinders,  226 
for  neuroglia  changes,  245 
stain  for  granules  in  neuroglia  cells,  247 
.‘\mebas,  hematoxylin  stains  for,  296 

in  sections,  Mallory’s  differential  stain 
for,  297 

stains  for,  206,  295 
Amebic  dysentery,  295 
diagnosis,  295,  296 

Ameboid  neuroglia  cells  of  Alzheimer,  244 
.\mmoniacal  silver  carbonate  solution,  165 
RIo-Hortega’s,  258,  254 
hydroxide  solution,  161,  168,  164 
nitrate  solution,  P’ontana’s,  for  Trepo¬ 
nema  pallidum,  291 
solution,  Bielschowsky’s,  159,  160 
Ammonio-ferric  alum  solution,  74 
Ammonium  bromide  and  formalin  as  fixing 
reagent  for  central  nervous  tissue,  217 
Amputation  knives,  26 
for  autopsy,  809 

•Amyloid,  Bennhold’s  Congo  red  stain  for, 
'  188 

crystal  violet  stain  for,  184 
in  gross  material,  iodine  test,  81 
iodine  and  sulfuric  acid  reaction  for,  188 
iodine  green  stain  for,  184 
reaction  for,  182 

Eanghans’  method  for  obtaining  iierma- 
nent  mounts  with  iodine,  182 
Mayer’s  stain  for,  184 
stains  for,  181 ,  182 
Angina,  A'incent’s,  295 
Aniline  acid  fuchsin,  .Altmann’s,  92 

and  oil  of  cloves  for  attaching  frozen  sec¬ 
tions  to  slide,  88 

blue,  lleidenhain’s,  for  collagen,  1,54 
•Mallory’s,  for  collagen,  158 

bee  Brown's  modification,  155 
for  patu  reas,  Bensley’s  moclilication, 
210 

dyes,  82 
basic,  8.1 
(  erlified,  8.5 


•Aniline  dyes,  clearing  agents  with,  84 
keejiing  qualities,  88 
tissue  elements  and  pathological  prod¬ 
ucts  stained  by,  82 
use  as  nuclear  stains,  88,  84 
gentian  x’iolet,  Ehrlich’s,  89 
Stirling’s,  90 
methyl  violet,  88,  89 
oil  as  clearing  reagent,  99 
safranine.  Babes’,  90 
water,  89 

Aniline-.xylol,  W'eigert’s,  as  clearing  re¬ 
agent,  98 

•\nisotropic  substances,  21 

color  production,  study  of,  22 
•Vnkylostoma  duodenalc,  identification  of 
808 

•Aorta,  opening  of,  en  bloc  techni(|ue,  888 
en  masse  technique,  844 
Rokitansky’s  technique,  847 
Mrchow’s  technique,  8.56 
.\ortic  valve,  normal  measurements,  874 
ratio  of  other  \-alves  to,  874 
•Apathy-Kasarinoff  gum  solution,  122 
-Apochromatic  lens,  19 
.Aqueous  alum  hematoxylin.  70,  71 
•Argentaffin  cells,  Masson’s  silver  method 
for,  in  blocks,  205 
•Artificial  dyes,  65,  82 

•Vsbestosis  bodies,  microscopic  identifica¬ 
tion,  22 

•Ascomycetes,  staining,  280 
•Astrocytes,  ameboid,  244 

Cajal’sgold  chloride  sublimate  method  for, 
248 

Rfo-Hortega’s  silver  carbonate  method 
for,  2,50 
stains  for,  2.59 

•Atherosclerosis,  cholesterol  crystals  in,  21 
•Athlete’s  foot,  281 
•Autogenous  pigments,  141 
•Autopsy,  805 

advantages  and  disad\-antages  of  difl'erent 
methods,  .550 
bacteriology,  878 

chief  recpiisites  of  any  method,  806 
cutting  tissues,  manner  of,  811,  .512 
discolorations  of,  ,517 
dissecting  table  for,  809 
en  bloc  technique  (mollified  Ghon’s 
method),  888-848 
en  masse  technique,  ,548-84.5 
examination  of  body,  external,  816 

of  central  nerx’ous  system  and  head,  851 
of  newborn  and  \ery  young  children, 
.5()() 

general  rules,  81 1 

for  beginners,  814 
gloves  for,  81,5 

gross  specimens,  photography  of,  885 
])reser\'alion  of,  .578 
sax'ing,  81,5 

hands  of  oi)eralor,  scrubbing  after,  818 
infeclions,  presenlion  and  care,  81.5 
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Aut  >|)s\  ,  in^tnuiH'nls  lor,  .'07 
I'ai;  for  privati-  la.scs,  ,'I,S 
malt-rial.  lixiiiL;  and  staiiiiiiK,  178 
lU’fdlfs  for,  1  I 
oullim-  of  mt'lliods,  .'O.S,  ,'()() 
pi-rmissioii  for,  ,'07 
position  o|  operator,  1 1 
l'ri\  alt'.  ,'l  ,s 

ri'fords,  lakiiiL;  and  kt-t-pimr,  .'12,  ,'I,' 
ri'slilntion  of  Itody,  Ml 
Rokitansky’s  U-t  linitiui-,  .'4.S-.'.s() 
room  for,  ,'l  1 

st-ariny'  apparatus  for  t  iillnri-s,  ,4  I 
.'■pt'ny't-  hasin  for,  ,'0'> 
siu  lion  apparatus  for,  ,'10 
laOlt-  foi’,  .'08 

Xin  hou  's  It-t  hni(|Uf.  .-iO.s  .viS 
Wounds  from,  cart-,  I ,' 

.\.\is  t'ylindt-rs,  .Mzht-imt-r’s  niodilication  of 
.Mann's  cosin-methvl  blue  stain  for, 
2  it) 

( ■ros-.'s(  hull/co’s  sih’cr  mctliod  for,  227 
•Mallory  s  lead  chloride  hcmato.xylin 
stain  for,  226 
stains  for,  224 

.\/-ocarmine  stain  for  collagen,  1,S4 
.\/.ure  II  cosin  and  alum  hcmato.xylin  stain 
for  hone  marrow,  166 


H.xbks’  aniline  safraninc,  60 
bacillus  Ic'i'rac,  Flexner's  method  of  stain- 
in".  276 

tuberculosis,  staining,  in  sections,  276 
in  smetirs,  27,S 
\  int  ent’s  fusiform,  26,s 
bacteria,  acitl  fast,  in  smears,  stain  for,  27.S 
ta[)sules  of,  in  sections,  W.  H.  .Smith’s 
method  for,  27,S 
celloidin  sections,  270 
lixatives  for.  270 
( .ram-neyatiee,  270 
( iram-positiee,  2t)6 


and  ( Iram-neyMtive,  .MacCallum’s  modi¬ 
fication  of  ( lOoflpasture’s  stain  for, 
274 


in  set  lions,  (iiemsa’s  method  for,  266 
(iram  W'eiyert  method  for,  272 
methyl  ureen-pyronine  ( L’nna-l’appen 
heim  method,  modified  by  .Saathof, 


I'hlo.xine-methylene  blue  stain  for,  271 
in  smrars,  (iram’s  stain  for,  271 
parallin  sections,  270 

(dynns  modification  of  (fram  stain 
for,  27.1 

Wolbath’s  motlification  of  (iiem.sa’s 
stain  for,  27 1 
stains  for.  266 
bat  tfrioloyy,  autojisy,  ,17,' 
fiat  teriuni  tularense,  tlemonstratin"  in  tis¬ 
sues.  282 

baile\- s  stain  for  neuroydia  fibrils,  24,' 
balantidial  dy.sentery,  267 


balantiilium  toll,  stains  for,  lllfi,  267 
balsam,  Canada,  for  solid  mounts,  lOlt 
lerpineol,  for  solid  mounts,  101 
band  saw  for  autopsy,  .'10 
bartonella  bat  illiformis,  ilemtmsl  raliny  in 
tissues,  282 

basal  yanglia,  seclitins  frtmi,  .'fiO 
baso|)hiles  after  su|)ravilal  slaininy,  16| 
after  Wriydit’s  slain,  182 
beneke’s  method  ftir  examining  heail  tif 
newborn  infants,  .I()7 

benian’s  stain  for  treptmemas  in  smears,  260 
bennhtilil’s  Conyo  reil  slain  for  ainyloiil,  I 
bensley’s  acitl  fin  hsin met hyl  yreen  slain 
for  I'ancreas,  2 1  1 

moililicatitm  of  .Malltuy’s  aniline  blui- 
slain  for  jiancreas,  210 
neutral  crystal  \  iolel  stain  lor  pant  reas, 
206 

benzitiine,  (iraham’s,  ftir  oxiilase  yranules 
of  blooil,  187 
of  bone  marrow,  200 

Mejunkin’s,  for  iiaraflin  sections  of  btme 
marrow,  201 

■Sato’s,  for  pcroxiilase  yranules  of  blooil, 
188 

benzol  and  acetone  in  jiarallin  embeddiny, 
54 

as  clearing  reagent,  68 
in  paraffin  emberlding,  5,1,  54 
berlin  blue  gelatin  as  injection  lluiil,  105 
iron  reaction  with,  1,'7 
best’s  carmine  stain  for  glycogen,  80,  126 
bethe’s  fixing  reagent,  225 
bibliography,  ,566 

bielschowsky’s  ammtiniacal  silver  .solution, 
156,  160 

methofi  for  neurolilirils  in  sections,  222 
stain  for  reticulum,  157 

Foot’s  modification,  U)1 
Marcsch’s  modification,  158 
I’erdrau’s  modification,  IfiO 
bile  pigment,  140 

(imelin’s  test,  140 

biliary  system,  removal  and  examination 
of,  en  bloc  technitiue,  ,',56,  ,541 
en  masse  technique,  .544 
Rokitanskv’s  technitjue,  ,547 
X'irchow’s  techni(|ue,  .5.51,  .5,52 
bilirubin-hematoidin,  140 
bionili-I Icidenhain  stain,  6,5,  64 
birefringence  of  crystals,  21,  22 
bismarck  brown,  61 

blat  kening  of  table  t0|)s.  method  for,  .564 
bladder,  remoxal  anil  examination  of,  en 
bloc  technique,  .5.56,  ,542 
en  masse  technique,  .54.5,  ,544 
Rokitansky's  technique,  ,546 
X'irchow’s  techni<|ue,  .5,54,  .5,55 
weight  of,  ,575 

blastomyces  hominis,  staining,  280 
blaslomj’cosis,  280 

bloch’s  ilo[)a  reaction,  Laidlaw’s  modifica¬ 
tion,  l(il) 
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I?loch  and  Peck’s  modification  of  dopa  reac¬ 
tion  for  leukocytes,  188 
Blocking  of  celloidin  specimens,  60 
of  paraffin  specimens,  56 
Blood,  180 

Blood,  Ehrlich’s  triacid  stain  for,  185 
fibrin,  stains  for,  165 
dukes,  identification  of,  505 
fresh,  examining  for  malarial  parasites, 
269 

Giemsa’s  stain  for,  185 
heart’s,  cultures  of,  575 
leukocytes  of.  See  Leukocytes. 
oxidase  granules  in.  See  Oxidase  granules. 
peroxidase  reaction,  Sato’s,  188 
platelets,  after  Wright’s  stain,  185 
Wright’s  stain  for,  167 
red  cells  of.  See  Erythrocytes. 
smears,  preparation  of,  180 
staining  methods,  180 
supravital  staining,  186,  161 
vessels,  fixing  and  staining,  180 
of  nervous  system,  stains  for,  256 
Wright’s  stain  for,  181 

demonstration  of  Treponema  pal¬ 
lidum  with,  286 
differential  findings,  182 
Blue  babies,  search  for  circulatory  anoma¬ 
lies  in,  571 

Bodian’s  method  for  nerve  fibers  and  nerve 
endings  in  paraffin  sections,  228 
Body  fluids,  microscopical  examination,  52 
Body,  restitution  of,  after  autopsy,  572 
Boiling  as  fixative,  46 

Bolles  Lee’s  method  of  fixation  with  Bouin’s 
fluid,  45 

Bond’s  modification  of  Mann’s  eosin-methyl 
blue  stain  for  Negri  bodies  in  smears,  285 
Bone,  172 

cutter,  for  autopsy,  510 
decalcification  of,  48 

lacunae  and  canaliculi,  Schmorl’s  methods 
for,  172 
marrow,  164 

Maximow’s  azure  IT  eosin  and  alum 
hematoxylin  stain  for,  166 
oxidase  granules  of.  See  under  Oxidase 
granules. 

paraffin  sections,  Mejunkin’s  benzidine 
stain  for,  201 

peroxidase  reaction,  Sato’s,  200 
removal  and  examination  of,  557,  540 
sections,  165 

smears,  preparation  of,  164 
Wright’s  stain  for  megakaryocytes  and 
blood  platelets,  167 
staining,  172 

Borax  carmine,  alcoholic,  Grenadier’s,  76 
methylene  blue,  Sahli’s,  86  ^ 
potassium  ferricyanidc,  Weigert’s,  121 
Borrelia  recurrentis,  demonstrating,  264 
vincentii,  demonstrating,  295 
Bottles,  28 

dropping-,  25,  28 


Bottles  for  preservation  of  specimens,  26 
for  stains  and  reagents,  28 
Bouin’s  lluid  as  fixative,  45 

paraffin  embedding,  46 
sectioning,  46 

Brain,  areas  for  sampling  in  absence  of  gross 
lesions,  559 

capillaries,  Lepchne-l’ickworth  method 
for,  257 

examination  of,  external,  555 

in  newborn  and  young  infants,  569 
fixation  of,  214 
frontal  sections,  558 

from  fixed  tissue,  556 
from  fresh  tissue,  557 
gross  specimens,  preserving,  580 
occipital  section,  558 
parietal  section,  558 
pediculofrontal  section,  558 
pediculoparietal  section,  558 
prefrontal  section,  557 
removal  of,  551,  554 

in  newborn  and  young  children,  566 
Virchow’s  technique,  556 
sectioning  of,  556 

procedure  for  making  frontal  sections, 
557 

Virchow’s  method,  561 
staining,  217 

stem,  removal  of,  in  newborn  and  young 
infants,  570 

weight  of,  in  adults,  575 
in  infants  and  children,  577 
Breathing  in  newborn,  determining  whether 
it  has  taken  place,  571 
Bromuration  after  formalin  fixation,  217 
of  brain  specimens  for  Cajal’s  method,  249 
Bronchi,  opening  of,  527 
Buffer  solution,  Mejunkin-Haden,  181,  182 
Burri’s  India  ink  method  for  treponemas, 
291 

Buzzi’s  method  for  eleidin,  260 


Cabinets  for  storing  slides,  50 
Cajal’s  formalin-ammonium  bromide  fixa¬ 
tive,  217 

gold  chloride  sublimate  method  for  as¬ 
trocytes,  248 
reducer,  1 15 
reinforcer,  251 

uranium  nitrate  method  for  tjolgi  appa¬ 
ratus,  115 
Calcification,  145 

demonstration  in  unfixed  tissue,  52 
Calcified  tissue,  decalcification  of,  48 
Calcium  carbonate  to  neutralize  formalin,  59 
deposits,  stains  for,  145 
Kossa’s  silver  nitrate  for,  144^ 

CaK-arium,  removal  of,  552,  555,  57,1 
in  newborn  and  young  infants,  ,'>t)7 
Camera  for  photograiihing  gross  specimens, 
585 

lucida,  .\bbe,  20 
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(  aniplii'  aiic]  Ak’xaiuic'r’s  modiluation  of 
_  lapohiu'  I’irkwortli  motliod,  257 
C  ana<ia  lialsarn  lor  solid  moimts,  100 
f.aiialiouli  ol  hoiu',  staininj^,  172 
f  apillarics  ol  l)rain,  l.cjK'linc  Pii  kworth 
iiU'lhod  for,  257 

(  apiliary  attrarlioii  for  attaohiiig  paralVin 
sootioii  lo  slides,  57 

(apsides,  haeterial,  in  seetioiis,  \V.  II, 

_  Smith's  method  for.  275 
('arl)ol  crystal  violet,  27.1 
fiiehsin,  WrhoelT's,  SS 

Ziehl  N'eelseti.  SS 
gentian  violet,  00 
thioniti.  N'ieolle’s,  172 
('arl)olie  acid  water,  <SS 
^ Wvigert's,  as  clearing  reagent, 

(^arl)ol-xylohereosote,  llortega’s,  240 
Carhon  as  jiigment,  142 
dioxide  method  of  freezing  sections,  25  24 
(farmalum,  Mayer’s,  78 
(Airmine,  77 
alcoholic.  Mayer’s,  70 
alum,  (irenai  iter’s,  78 
Hest’s,  forglyt  ogen,  80,  12().  127 
borax,  alcoholic,  (frenacher’s,  70 
for  monosodium  urate,  146 
gelatin,  as  injection  fluid,  105 
lithium,  ( Irth’s,  80 
stains,  77-81 

Iturposes  for  which  employed,  77 
Carminic  acid,  77 
C  arno\’’s  Iluid  as  living  reagent,  38 
Carotene.  125,  141 

Carotid  bodies,  location  of,  at  autopsy,  328 
staining,  2o7  ’ 

Cartilage,  172 
knives,  27 

for  autopsy,  309 
staining,  172 
Caseation,  studx’  of,  149 
Cedarwood,  oil  of,  as  clearing  reagent,  98 
for  solid  mounts,  101  ’ 

in  paralhn  embedding,  53 
Celiac  pnglia,  e.xamination  of,  337 
Celloidin  and  oil  of  cloves  for  attaching 
paralhn  sections  to  slide,  58 
embedding,  51,  59 

dehx'dration  ol  sjtei  imen,  ,59 
(juick  method,  60 
.steps  in,  59 

for  attaching  frozen  sections  to  slide,  .14 
in  paralhn  embedding,  I’Cterh’s  method 
,■54  ’ 

sections,  attaciiment  to  slides,  (A 
cutting,  61 

dropping  bottle  to  keep  knife  and 
objei  t  wet,  2,1 

microtome  ferr,  2.1 
dehydration  of,  97 
mounting  of,  vulcanized  liber  for,  29 
of  bacterial  specimens,  270  | 

removal  of  c  elloidin  61 


C'elloidin  sections,  serial,  ()l  64 

I  larkshev  itch’s  met  hod,  62 
Kubaschkin,  I  lantsc  luikolT  and  .Maxi¬ 
mow’s  method,  62 
.8uzuki’s  met  hod,  (i4 
X'erhoelT’s  mc.'thod,  t),l 
W'eigert’s  method,  6.1 
staining  dishes  for,  27,  28 
s|)ecimens,  mounting,  of,  60 
thick,  59 
thin,  59 

Cells,  argentalhn,  .Masson’s  silver  method 
for,  in  bloc  ks,  205 
chromallin,  staining,  267 
epitheliid,  of  stomtic  h  and  intestine  204 
205 

of  testis,  21,1 
fat,  study  of,  1  51 
mast,  174 
muscle,  177 
nerx  e,  220 
I>lasma,  1  75 
special,  study  of,  150 
stem,  after  sipiravital  staining,  192 
after  Wright’s  stain,  182 
stueJy  of,  107 
Cellular  gliosis,  244 
CMIIulose,  stains  for,  1,1,1 
Cement,  Duco,  for  sealing  tluid  mounts,  99 
^  for  museum  jars,  383,  384 
Central  nervous  system,  214 
ti.xing  reagents,  214 
postmortem  examination  of,  351 
staining,  217.  See  also  under  Xerv- 
ous  system. 

Centrifuge,  26 

Centrifuged  sjrecimens,  preparation  and  ex¬ 
amination,  ,11 
Cephalin,  116 

Cerebellum,  removal  of,  in  newborn  and 
young  infants,  370 
sections  from,  .161 

Cerebral  hemorrhages,  examination  for  in 
newborn,  368  ’ 

vems,  inspection  of,  in  newborn,  368, 

Cerebrosides,  116 
(mstodes,  identification  of,  302 
(diief  cells  of  stomach,  205 

Children,  young,  {lostmortem  exiimination 
^  of,  366 

C  hisels  for  autopsy,  310 
Chloroform  :is  clearing  reagent,  98 
in  paraffin  embedding,  5,1 
C’holesterol,  IK) 
compounds,  123 

crystals,  microscojiic  identification,  21 
stains  for,  13,1 

esters,  mic  roscopic  identilication,  21 
method  of  demonstrating  after  Sc  hultz 
1 24 

study  with  polarizing  microscope,  123 
_  Windaus’  digitonin  reaction  for,  124 
Choline,  116 
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Chromallin  cells,  Sclimorl’s  method  for,  268 
silver  method  of  d'.  and  A.  Ogata  for, 
268 

stiuning,  267 
Wiesel’s  method  for,  267 
Chrome  salts  as  fixing  reagents,  41 
Chromic  acid  as  macerating  tluid,  ,12 
Ciaccio’s  method  of  staining  lipoids,  121,  122 
Circulatory  anomalies,  search  for,  in  new¬ 
born,  371 

system  fixing  and  staining,  178 
Cirrhosis,  alcoholic  hyalin  of,  staining,  21)7 
cholesterol  esters  in,  21 
Clasmatocytes  after  supravital  staining,  162 
Cleaning  of  glassware,  method  for,  ,164 
Clearing  reagents,  67 
aniline  oil,  66 
aniline-xylol,  Weigert’s,  68 
carbol-xylol,  Weigert’s,  68 
chloroform,  68 
oil  of  cedarwood,  68 
oleum  origani  cretici,  68 
use  with  aniline  dyes,  84 
xylol,  67 

Cloudy  swelling,  study  of,  148 
Cloves,  oil  of,  and  aniline  for  attaching 
frozen  sections  to  slides,  ,1,1 
and  celloidin  for  attaching  paraffin  sec¬ 
tions  to  slides,  ,S8 
Coal  tar  dyes,  6,1 

Cobalt  nitrate  method.  Da  Fano’s,  for 
Colgi  apparatus,  112 
Weatherford’s  modification,  11,1 
Coccygeal  body,  examination  of,  3,17 
Cochineal,  77 
alum,  Grenadier’s,  78 
Coil  glands,  260 
Collagen,  1,12 

Ileidenhain’s  aniline  blue  stain  for,  1,14 
Mallory’s  aniline  blue  stain  for,  1 ,13 

Lee-Brown’s  modification,  1,15 
phosphomolybdic  acid  hematoxylin 
stain  for,  156 

silver  impregnation  methods,  157.  See 
also  under  Rclictdum. 
staining  methods,  152 
Van  Gieson’s  picric  acid  and  acid  fuchsin 
stain  for,  152 

Colon,  remoxal  and  examination  of,  en 
bloc  technique,  338,  343 
en  masse  technique,  344 
Rokitansky’s  techniciue,  3,10 
Virchow’s  technique,  3.10 
Colojihony  and  lanolin  for  sealing  tluid 
mounts,  66 
for  solid  mounts,  101 

Color  in  gross  specimens,  jireserving,  380, 
382 

production  of  anisotrojiic  substances, 
study  of,  22 

screens  for  microi>hotogra])hy,  386 
Common  bile  duct,  examination  of,  332,  ,141 
Concentration  methods  for  ova  of  parasitic 
worms,  301 


Condenser,  dark-lield,  20 
Congo  red,  62 

llennhold’s,  for  amyloid,  13,1 
Connective  tissue,  Mallory’s  stain  for,  1,1,1 
Masson’s  trichrome  stain  for,  156 
of  nervous  system,  stains  for,  256 
I)icro-acid  fuchsin  stain  for,  63 
study  of,  150 
Coplin  staining  dishes,  28 
Copper  hemato.xylin,  Cowdry’s,  MacCal- 
lum’s  modification,  for  pituitary  gland, 
26,1 

Copper,  Mallory’s  hemato.xylin  stain  for,  136 
Corium,  study  of,  260 
Corpora  amylacea,  stain  for,  133 
Corrosive  sublimate  and  alcohol  fixative, 
Giemsa’s,  41 

and  gold  chloride,  Cajal’s,  246 
and  osmic  acid  as  fixatives,  204 
as  fixing  reagent,  40 
removal  of  precipitate,  41 
Costotome  for  autopsy,  310 
Coverslips,  27 
cleaning,  27,  .164 
after  use,  365 

for  supravital  staining,  160 
Cowdry’s  copper  hematoxylin,  MacCallum’s 
modification,  for  pituitary  gland,  265 
Crystal  violet,  86 
for  amyloid,  134 

neutral,  Hensley’s,  for  pancreas,  206 
Stirling’s,  60 
Crystallizing  dishes,  28 
Crystals,  birefringence  of,  21,  22 
fluid,  of  Lehmann,  21 
identification  of,  microscopic,  21,  22 
of  fatty  acids,  Fischler’s  method  of  stain¬ 
ing,  120 

Cultures  of  inflammatory  exudates  and  in¬ 
fectious  lesions,  374 
of  organs,  374 
of  heart’s  blood,  373 
of  vegetations  of  heart  valves,  374 
pure,  method  of  obtaining,  311,  373 
Cutaneous  moniliasis,  281 
Cutting  of  celloidin  sections,  61 
of  frozen  sections,  33 
of  paraffin  sections,  5o 
Cysticercus  bovis,  .102 
cellulosae,  ,102 
Cysts,  echinococcus,  302 
Cytoplasmic  granules,  106 

1).\  f'.xNd’s  cobalt  nitrate  method  for  Golgi 
a])i)aratus,  112 

Weatherford’s  modification,  11.1 
Dammar  for  solid  mounts,  101  ^ 

DantschakolT,  Maximow  and  Rubaschkin  s 
method  for  serial  celloidin  sections,  (>2 
Dark-lield  condenser,  20 
illumination,  20 

Darkshevitch’s  method  for  serial  celloidin 
sections,  62 
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iH'ath,  suddi'i),  autop.sy  in,  ,>ld,  dJ  t 
I  K'l  alnlii  alioii,  4S 
l.hiior's  tni'l hod,  50 
I'mln'ddiiiK  after.  40 
formic  acid  in,  50 
nitric  acid  in,  40 
picric  at  id  in,  50 
.'iti'ijs  in,  4<S 

sulfosalicylic  acid  in,  50 
sulfurous  acid  in.  .50 
trichioracotic  acid  in,  50 
washin;^  after,  4,S 
I  >ecolorizer,  I’al's,  1()0 
I  teKeneration,  fatty,  in  nervous  system, 
Marchi's  metliod  for,  2,i7  '  ’ 

products,  study  of,  148 
dehydration  in  celloidin  cmheddiiiK, 
in  parallin  embedding,  5.i 

dio.xane  embedding,  54,  55 
of  fixed  ti.ssue.  47 
reagents,  07 
acetone,  07 
alcohol.  07 

del  Rfo-Iiortega.  Sec  A’;V//w7rg(r. 
i'elaticld’s  alum  hemato.xylin,  71 
dcrmacentroxcnus  rickettsi,  284 
dermatomycoses,  281 
desks  of  laboratory,  17 
de\  c]oper  for  lantern  slides.  503 
for  photographic  plates,  385 
for  photographic  prints,  302 
diaphragm,  mica,  22 
dictrich-Smith  stain  for  lipoids,  123 
Iliffcrential  staining,  65,  67 

properties  of  tissue  as  factor,  67,  68 
tissue  elements  subject  to,  66,  67 
digestive  system,  study  of,  203 
digitonin  reaction,  Windaus’,  for  choles¬ 
terol,  124 

Ilioxane  in  iiaraflin  embedding,  54-56 
reclaiming,  method,  55 
diphyllobothrium  latum,  identification  of 

,i()2  ’ 

discolorations,  postmortem,  317 
dishes,  crystallizing,  28 
staining,  27 
I  >issecting  table,  .100 

distilled  water  for  making  fixing  .solutions, 

dofia  rea<  tion,  Hloch’.s,  Laidlaw’s  modifica¬ 
tion,  260 

for  leukocytes,  Bloch  and  Beck’s  modi¬ 
fication,  188 
droiiping-bottles,  23,  28 
duco  cement  for  sealing  fluid  mounts,  00 
for  sealing  museum  jars,  384 
Hictus  arteriosus,  closure  or  non-closure,  de¬ 
termining,  371 

du  Noyer’s  lanolin-coloiihonv  mixture  for 
sealing  fluid  mounts,  00 
duodenum,  oiK-ning  of,  en  bloc  technic|ue, 

.i41 

en  masse  techni(|ue,  ,144 
Rokitansky’s  tei  hnicjuef  .140  | 


I  tiiodenum,  opening  of,  Vin  how’s  tei  hniriue 

.1.1 1  ’ 

dura,  inspei  tion  and  removal  of,  ,154 

in  newborn  and  young  infants,  ,1()8 
dusts,  silica  content,  estimating,  22 
I  >3'es,  f)5 
aniline,  82 
tirtifu  iai,  f)5,  82 
basic,  8.1 
certified,  8.1 
keeping  (pialities,  8.1 
tissue  elements  and  pathological  prod¬ 
ucts  stained  liv,  82 
use  as  niH dear  stains,  83,  84 
coal  tar,  65 
natural,  ()5,  60 
dvsentery,  amebic,  20.5 
diagnosis,  205,  20() 
balantidial,  207 


Kak,  exposure  and  examination  of,  364 
stains  for,  2,58 

Icbner’s  decalcifving  method,  51) 
Echinococcus  cysts,  302 
Eczema  marginatum,  281 
Ehrlich’s  acid  alum  hemato.xylin,  73 
aniline  gentian  violet,  80 
stain  for  mast  cell  granules  in  sections, 
1/4 

supravital  methylene  blue  stain  for  nerve 
fibers,  224 

triacid  stain  for  blood,  185 
Elastic  fibers,  168 

I  aenzer-Unna  orcein  method  for,  171 
\’erhoclT’s  stain  for,  1 70 
Weigert’s  stain  for,  168 

Hart’s  modification,  160 
Eleidin,  staining  method  for,  260 


by  hematoxylin  and  metals,  60 
subject  to  dilTerential  stainine,  66 
Embedding,  51 
after  decalcification,  40 
celloidin,  51,  50.  See  also  Celloidin  cm- 
hcddini;. 
gelatin,  51 

of  frozen  .sections,  Wright’s  method,  ,14 
paraffin,  51,  52.  .See  also  Parallin  rnt- 
lieddinf;. 

Embolism,  autopsy  in,  ,114 
En  bloc  postmortem  technique  (modified 
^  (/lion’s  method),  3.18-343 
En  masse  postmortem  fechnique.  343-345 
Endamoeba  histolytica,  stains  for,  206,  20,5 
Endocrine  ,system,  study  of,  262 
Enterotome  for  autopsy,  ,100 
Eosin  and  methyl  blue'  .Mann’s,  .Mzheimer’s 
moditicalion,  for  axis  cylin 
ders,  226 

for  neuroglia  changes,  245 
Bond’s  moditicalion,  for  .\'egri 
bodies  in  smears,  285 
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]-',()^'in  and  nictliylcnc  Idiie,  (loodpasturc’s, 
for  ]iancreas,  20'> 

azure  11  and  alum  liematoxylin  for  bone 
marrow,  Ibb 

V  (walcr-solublc  cosin),  91 
Eosinophiles  after  suirravital  stainiiiR,  191 
after  Wriglit’s  stain,  182 
Epidermis,  study  of,  2.S9 
Kpidermophyton  inguinale,  281 
I'ipiphyseal  line,  examining,  for  syphilis  or 
rickets,  372 

Epithelial  cells  of  stomach  and  intestine, 
204,  205 
of  testis,  215 

lipithelium,  study  of,  150 
Ef}uipment,  laboratory,  17 
I'irythrocytcs  after  supravital  staining,  192 
^  after  Wright’s  stain,  182 
E*xamination  of  fluids,  52 
of  unfixed  material,  51 
postmortem,  505.  See  also  Autopsy. 
Excretory  system,  study  of,  212 

removal  and  examination  of,  555,  559, 
542,  544,  548 
Exogenous  pigments,  141 
Exposure  meter  in  photography,  587 

formula  and  table  for  use  with,  588 
Exudates,  inflammatory,  cultures  and 
smears  of,  574 
supravital  staining,  192 
Eye,  exposure  and  examination  of,  564 
fixation  of,  258 
stains  for,  258 
Eyepieces  of  microscope,  19 

Eallopia.n'  tubes,  incision  of,  555,  ,545,  549 
study  of,  214 

Ealx  cerebri,  inspection  and  removal  of,  in 
newborn,  569 
Eat  cell,  study  of,  1 51 
Eat  in  gross  material,  scarlet  red  test,  51 
in  unfixed  tissue,  acetic  acid  test,  51 
Eat  like  substances,  classification,  116 
staining,  116 
Eats,  classification,  Ilf) 
neutral,  1 16 

Xilc  blue  sulfate  stain  for  separating 
from  other  fats,  1 19 
osmic  acid  stain  for,  118 
l)roperties  of,  permitting  microscopic  dif¬ 
ferentiation,  1 1 6,  1 1  7 
scarlet  red  (.Sudan  1\')  stain  for,  117 
staining,  116 

Eatty  acids,  crystals  of,  Eischler’s  method 
for  staining,  120 
esters  of,  116 

degeneration  in  nervous  system,  Marchi  s 
method  for,  257 
l'’a\'us,  281 

Ecces,  examination  of,  for  worms  and  their 
ova  and  larx’ae,  501 

Eemale  genital  system,  removal  and  exam¬ 
ination  of,  555,  5,19,  545,  549 


k'en  ale  genital  system,  study  of,  215 
Eerments,  demonstration  of,  148 
Eetus,  weight  and  length  at  each  month  of 
gestation,  576 

Eeulgen’s  stain  for  thymonucleic  acid, 
147 

Eibers,  elastic,  168 
nerve,  222 

Eibrils,  collagenous,  152 
fibroglia,  1,50 
neuroglia,  259,  241 
reticulum,  152 
Eibrin,  staining,  195 

Weigert’s  differential  stain  for,  195 
Eibroblast,  150 
Eibroglia  fibrils,  1 50 
staining,  151 

Mallory’s  acid  fuchsin  method,  151 
IMallory’s  phosphotungstic  acid  hem¬ 
atoxylin  method,  76 

Fields,  marking,  methyl  violet  shellac  for, 
596 

Filaria  bancrofti,  identification  of,  ,503 
Filtrable  viruses,  284 
Fischer’s  method  for  milk  injections,  104 
Fischler’s  method  for  staining  fatty  acid 
crystals  and  soaps,  120 
Fixation,  56 

dehydration  after,  47 
of  bacterial  specimens,  270 
of  central  nervous  tissue,  214 
of  gross  specimens,  578,  580 
of  material  for  frozen  sections,  55 
of  photographic  plates  and  prints,  591 
of  special  organs,  178 
paraffin  embedding  after,  reagents  used 
in,  52-55 

preservation  of  tissues  after,  57 
washing  after,  46 
alcohol,  47 
tap  water,  46 
Fixing  reagents,  56 
alcohol,  56,  57 
and  formalin,  40 
for  central  nervous  system,  216 
Hethe’s,  225 
boiling,  46 
Bouin’s  fluid,  45 

jiaraffin  embedding  after,  46 
sections  after,  46 
Carnoy’s  fluid,  58 
choice,  56 
chrome  salts,  41 
corrosive  sid)limate,  40 

remo^•al  of  jirecipitate,  41 
distilled  water  for  making,  57 
Flemming’s  solution,  44 
for  study  of  mitotic  figures,  108 
formalin,  56,  58 
and  alcohol,  40 

for  central  nerxous  system,  215 
for  frozen  sei  tions,  55 
glacial  acetic  acid  with,  59 
neutraliZtUion,  59 
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l-ixinu  fornialiii,  ri'moval  of  |)riTi|)- 

ilatos,  Si  liiiddo's  inclliod,  40 
\\‘r<)(a\  's  nu'lliod.  40 
fornialin-ammoiiium  liromidi-,  for  cen 
tral  iu’r\()us  systi'iii,  217 
(deinsa's  corrosi\  c  sublimate  alcohol 
41 

lieidenhain  s  corrosixa'  suliliniale-osmic 
acid,  204 

I  lolly's  iluid,  M).  44 
i  lennann's  solution,  4,s 
Jores’  solutions,  ,vSl 
Kaiserling's  solutions,  .ISO 
-Marchi’s  Iluiti,  4,s 
.May-(  iriinwald,  18.> 

-Muher’s  Iluid,  42 

for  central  nervous  sj'stem,  217 
Orth's  fluid,  .It),  42 
osmic  acid,  44 
picric  acid,  45 
potassium  bichromate,  42 
KcKaud's  fluid,  4,1 
1  ellyesniczky’s  solution,  42 
temp)erature  for  use,  .17 
X'erhoet'f's,  for  eye,  258 
W'eigert’s  neuroglia  mordant,  216 
Zenker’s  iluid,  .10,  4,1 

for  central  ner\-ous  system,  216 
paraffin  embedding  after,  5.1 
remov  al  of  mercuric  bichloride  de¬ 
posits,  44 

Flat  worms,  identitication  of,  .102 
Flemming’s  solution  as  fixative,  44 
Mexner’s  method  for  staining  leprosy  ba¬ 
cilli,  276 

Floor  of  laboratory,  18 
Huid  crystals  ol  Lehmann,  21 
mounts,  glycerin  for,  69,  100 
Fluids,  body,  microscopical  examination,  .12 
injection,  104,  105 
macerating,  ,12 
Flukes,  identitication  of,  ,10.1 
I'ontana’s  ammoniacal  silv  er  nitrate  method 
for  tre()onemas,  291 

k ontana  I  ribondeau  stain  for  trejionemas 
in  smears,  291 
Foot,  athlete's,  281 
-Madura,  280 

Foot’s  muditication  of  Hielschovvsky’s 
method  for  reticulum,  161 
of  Hortega’s  silver  carbonate  methoil  for 
reticulum,  165 
Forceps  for  autojisy,  .110 
l-ormaldehyde  vaivor  in  gelatin  method  of 
attaching  paraffin  sections,  58 
I'orinalin  and  alcohol  as  fixative,  40 
and  nitric  acid  in  decalcitication,  49 
as  lixing  reagent,  .16,  .18 
bromuration  after,  2l  7 
for  central  nervous  system,  215 
fur  frozen  sections,  .15 
for  glycogen,  126 
glacial  acetic  ac  id  with,  .19 
neutralization.  .19 


ormalin  as  lixing  reagent,  removal  of  [vrcc  ip- 
itates,  .Sc  hriride’s  method,  40 
N’erocay's  method,  40 
■'ormalin-ammonium  bromide  as  fixing  re¬ 
agent  lor  c'c'iitral  nervous  tissue,  217 
ormalose.  .See  lunnudin. 
ormic  acid  in  dec  ah  ilication,  50 
ormol.  See  /'’oninil/it. 
reeborn  s  method  with  picro-acid  fuchsin. 
9,1 

reezing  microtome,  2.1 

carbon  dioxide  method,  2.1,  24 
■resh  tissues.  See  rnji.wd  lixsiies. 
rontal  lobe,  sections  from,  ,159 
sections  of  brain  from  lixecl  tissue,  556 
from  fresh  tissue,  557 
■rozen  sections,  5.1 

attaching  to  slide,  55 

after  gelatin  embedding,  54,  55 
aniline  and  oil  of  cloves  method,  55 
celloiclin  method,  .14 
cutting,  55 

embedding,  Wright’s  gelatin  method,  .14 
fixation  of  material  for,  55 
freezing,  Alixter’s  carbon  dioxide 
method,  25,  24 
staining,  ,15 

dishes  for,  27,  28 
h’uchsin,  88 

acid,  92.  See  also  Acid  f iichshi. 
carbol,  V'erhoeff’s,  88 
Ziehl-Neelsen,  88 
for  mucin,  151 

-Mallory’s,  for  hemofuscin,  156 
picro-acid,  \’an  Gieson’s,  92 
'uchsin-sulfurous  acid,  147 
•'tillkorperchen,  244,  246 
■'usiformis  dentium,  295 
•'usospirochetal  diseases,  29,S 


(i.VHBKTT’s  methylene  blue,  85 
Galactose,  116 

(jallbladder,  removal  and  examination  of 
5,15-5,16,  .147  ’ 

(langlia,  based,  sec  tions  from,  560 
celiac,  exeimination  of,  5.17 
Gastro  intestinal  trac  t,  gross  specimen.s,  pre¬ 
serving,  ,179 

removal  and  examination  of,  en  bloc 
techniejue,  5.19,  ,14  |, 
en  masse  technique,  ,144 
Rokiteinsky’s  techniciue,  ,149 
\  irchow’s  tec  hnkiue,  .129 
study  of,  204 

Gelatin,  Berlin  blue,  as  injection  tluid,  105 
carmine,  as  injec  lion  Iluid,  105 
embedding,  51 

c)l  frozen  sec  lions,  Wright’s  method,  .14 
Iluid,  'J’ancller’s,  for  injections,  105 
_  for  attac  lung  iiaratlin  sections  to  slide  58 
Genitcj-urinary  system,  removal  and  exam¬ 
ination  ol,  en  bloc;  techniciue.  ,1,18  519 
.542  1  .  , 
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Genito-urinary  system,  removal  and  exam¬ 
ination  of,  en  masse  technir|ue, 
.Ud 

Rokitansky  tec  hnique,  -US 
X'irc'how’s  teclmi(|ue, 

Cientian  violet,  cS<) 

aniline,  Rhrlich’s,  Sd 
earhol,  ')() 

Stirling’s,  Ml) 

Ghon’s  postmortem  technique,  modified, 

.x^8-,i4S 

Giemsa’s  corrosive  sublimate-alcohol  fixa¬ 
tive,  41 

stain  for  blood,  18,? 

for  malarial  parasites  in  smears,  299 
for  protozoa  and  bacteria  in  sections, 
299 

for  Treponema  pallidum  in  smears,  290 
rapid  method,  290 

Wolbach’s  modification,  for  bacteria  in 
paraffin  sections,  271 
for  bone  marrow,  19,S 
Glands,  adrenal,  266, 
carotid,  267,  ,?28 
coil,  260 
mammary,  260 
parathyroid,  262,  .?28,  375 
pineal,  263,  375 
pituitary,  264,  375 
salivary,  204 
sebaceous,  260 
sweat,  262 
thymus,  263,  375 
thyroid,  262,  328,  375 
Glassware,  27 

cleaning  of,  method  for,  394 
preparation  of,  for  supravital  staining,  189 
Gliosis,  cellular,  244 

Globus’  method  of  bromuration  after  for¬ 
malin  fixation,  217 
of  specimens  in  Cajal’s  method,  249 
Glomus  coccygeum,  stains  for,  268 
Gloves  for  autopsy,  313 
Glycerin  for  fluid  mounts,  99 
jelly,  Kaiser’s,  100 

(ilycerin-albumin  mixture,  Mayers,  57 
Glycerin-ether,  Unna’s,  176 
Glycerol,  116 
(ilycogen,  125 

Best’s  carmine  stain  for,  80,  126 
embedding,  126 
fixation  of,  with  alcohol,  126 
with  formalin,  126 
Langhans’  iodine  stain  for,  126 
stains  for,  126 

Glynn’s  modification  of  Gram’s  stain  for 
bacteria  in  paraffin  sections,  273 
Gmelin’s  test  for  bile  ifigment,  140 
Goblet  cells  of  intestine,  205 
( iold  as  stain,  95 

chloride  sublimate,  Cajal’s,  for  astro¬ 
cytes,  248 

Golgi  ai)i)aratus,  Cajal’s  uranium  nitrate 
methocl  for,  1 1 5 


Golgi  apparatus.  Da  Fano’s  cobalt  nitrate 
method  for,  1 1 2 

Weatherford’s  modification,  113 
Kolatschew  and  Nassonov’s  modifica¬ 
tion  of  Koi)sch’s  osmic  acid  method 
for,  114 
staining,  1 1 2 

Golgi’s  rapid  method  for  impregnating 
neurons,  219 

fiombri’s  iron  reaction,  137 

silver  impregnation  method  for  reticulum, 
164 

silver  nitrate  stain  for  insoluble  lime  salts, 
144 

Goodpasture’s  acid  polychrome  methylene 
blue,  85 

eosin-methylene  blue  stain  for  pancreas, 
209 

stain,  MacCallum’s  modification,  for 
(iram-positive  and  Gram-negative  bac¬ 
teria,  274 

Gout,  sodium  urate  crystals  in,  staining, 
145 

Graham’s  alpha-naphthol-pyronine  stain  for 
oxidase  granules  of  blood,  186 
of  bone  marrow,  199 

benzidine  stain  for  oxidase  granules  of 
blood,  187 

of  bone  marrow,  200 

Gram’s  iodine  solution.  81,  82 
stain  for  bacteria  in  smears,  271 

Glynn’s  modification,  for  bacteria  in 
paraffin  sections,  273 

Gram-negative  bacteria,  270 

Gram-positive  bacteria,  269 

Gram-Weigert  stain  for  bacteria  in  sections, 
272 

Granules,  cytoplasmic,  109 

of  neuroglia  cells,  Alzheimer’s  method  for, 
247 

oxidase,  of  blood,  staining,  185-187 
of  bone  marrow,  staining,  199,  200 
peroxidase,  of  blood,  staining,  188 
of  bone  marrow,  staining,  200 
sulfur,  278 

Graupner  and  Weissberger’s  dioxane  method 
for  embedding  in  paraffin,  54,  55 

Grenadier’s  alcoholic  borax  carmine,  79 
alum  carmine,  78 
cochineal,  78 

Gros-Schultze  silver  method  for  axis  cyl¬ 
inders  and  nerve  terminals,  227 

Gross  specimens,  color  in,  ])reser\ing,  380, 
382 

examination  of,  31 
fixing  solutions  lor,  380 
labeling  of,  382 
mounting  of,  383 
photography  of,  385 
preparation  of,  378 
])reservation  of,  378 
saving,  at  autopsy,  315 
Guarnieri’s  bodies,  staining,  28/ 

Gum,  Apathy-KasarinolT  solution,  122 
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(iyri,  i>n-(cntral  and  posU itil ral,  siatioiis 
frtnn,  d5'> 


i  1  \ni  N-McJi:.\KiN  hulTcr  solution,  hSl 
1  lairs,  study  of,  2t)0 
IlanniK'rs  for  autos()y,  dIO 
Hands,  i  arc  of,  after  auto])sy,  ,>I,i 
loti(rn  for,  ,^*)() 

Ilarkc's  nictliod  for  cxjiosurc  and  cxainina 
tion  of  nasopltarynx, 

I  iarris’ alum  licmaloxylin,  72 
Hart’s  modifuation  of  \Vei);crt’s  clastic 
tissue  staiti,  1  M 
Hatc  lict  chisel  for  auto|)sy,  .HO 
1  lead,  openinK  of,  ,vsl 

in  newhorn  and  youiiK  i  hildren,  ,■!()() 
postmortem  examination  of, 

Heart,  blood  of,  taking  cultures,  .^7,^ 
fixing  and  staining,  178 
gross  siiecimcns,  preserx  ing,  370 
inspection  of,  external,  322 
remoxal  and  examination  of,  en  bloc 
technique,  33S,  340 
en  masse  tcchnirpic,  344 
Rokitansky’s  technitjue,  ,>46 
X'irchow’s  technique,  .122 
size  of,  .12.1 

\  alvcs  of,  measurements  of  normal  limits, 
374 

ratio  of  others  to  aortic  valve,  .174 
vegetations,  cultures  of,  374 
water  test  for  competence  of,  ,125 
weight  of,  in  adults,  375 
in  infants  and  children,  .177 
Heating  of  laboratory.  IS 
Heidenhain  s  aniline  blue  stain  for  collagen, 

1 54 

corrosive  sublimate-osmic  acid  as  fixing 
reagent,  204 
iron  hematoxylin,  74 
method  for  Khrlich’s  triacid  stain,  1<S5 
Heidenhain-Hiondi  stain,  63 
Heitzman’s  modification  of  Warthin  Starry 
and  Xieto’s  methods  lor  I’reponema  paf- 
lidum,  263 

Helly’s  fluid,  IMaximow’s  modification,  166 
modification  of  Zenker’s  fluid  as  fixative, 
reagent,  36,  44 
Hematein,  66 
Hematin,  1.16 

Hematogenous  pigments,  1,15 
Hematoidin,  140 
I  Iematopor|)hyrin,  140 
Hematoxylin,  66 
alcoholic  solution.  75 
alum,  7.1.  See  al.so  Aliint  //t’Diatoxvlin. 
combined  with  metals,  elements  and 
firoducts  stained  by,  66 
copper,  {.owdry’s,  MacHallum’s  modillca- 
tion,  for  pituitary  gland,  265 
lor  amebas,  26() 

iron  chloride  tferricj,  Mallory’s,  75 

27 


Hematoxylin,  iron,  I  leidenhain’s,  74 
WCigerl’s,  74,  2.12 
Kultsc  hitzky’s,  2,15 

lead  chloride,  Mallory’s,  for  axis  c  ylinders 

226 

lit  Ilium,  Weigert’s,  2.1.1 
■Mallory’s,  for  iron  and  for  (ojiiier,  1.16 
for  lead,  14.1 
I’al’s,  2.14 

phosphomolybdic  acid,  .Mallory’s,  Alz¬ 
heimer’s  modification,  for  neu¬ 
roglia  c  hanges,  245 
tor  collagen,  151) 

phc)s[)hotungstic  ac  id,  .Mallory ’.s,  76 
for  mitoc  hondria,  1  1  1 
for  neuroglia  fibril.s,  241 
Rcgaucl’s,  15q 
ripening  of,  66 
stains,  66  77 
Weigert’s  solution,  121 
Hemofuscin,  136 
Ufallory’s  fuchsin  stain  for,  13() 
Hemoglobin,  135 

Hc?morrhages,  cerebral,  examination  for,  in 
infants,  368 
Hemosiderin,  136 

Herlin  blue  method  for,  1,17 
(/omori’s  method  for,  1.17 
gross  specimens  containing,  stain  for,  1,16 
Mallory’s  hemato.xylin  stain  for,  1,16 
Turnbull’s  blue  method  for,  138 
Hermann’s  solution  as  fixing  reagent,  45 
Herpes,  inclusion  bodies  of,  287 
Herxheimer’s  scarlet  red  solution,  118 
Hippocampus,  sections  from,  360 
Histiocytes  after  suprax  ital  staining,  162 
Histological  methods,  general,  17 
special,  107 
Holder,  head,  310 

Honing  of  microtome  knives,  24,  25 
Hookworms,  identification  of,  ,103 
Hortega.  See  R'lo-H orlcga. 

Hoyer’s  method  tor  carmine  gelatin  injec¬ 
tions,  105 

Hyalin,  alcoholic,  Mcdlorv’s  phloxine  stain 
for,  207 

Mallory’s  thionin  stain  for,  207 
Hyaline  substances  stains  for,  125 
Hydrochloric  acid  for  unfixed  tissues,  31 
normal,  147 

Hyj>ertc)nic  salt  solution  method  for  con¬ 
centrating  o\  a,  ,101 
Hy])homycetes,  staining,  280 
Hyi)othalamic  region,  sections  from,  360 

Ii.iU  M,  removal  and  examination  of,  330. 
3.18,  .14.1,  ,150 

Illumination,  dark  field,  20 
for  micrc)photogr;q)h_\',  386 
for  i)hotography,  385,  .187 
of  microsc  oi)e,  20 
.\bbe  apparatus,  20 
natural  and  artificial,  20 
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IniprcRnations,  mctallir,  ‘>5 
Tncineraliou,  micro-,  102 
Inclusion  bodies,  stains  for,  2(S4 
India  ink,  Hurri’s,  for  Ircponemas,  291 
Infants,  i>ostmortcm  examination  of,  d()9 
Infections,  autopsy,  prevention  and  care, 
313 

Infectious  agents,  miscellaneous,  study  of, 
278 

jaundice,  29,S 

lesions,  cultures  and  smears  of,  374 
Inflammatory  exudates,  cultures  and  smears 
of,  374 

Injections,  104 

Berlin  blue  gelatin  for,  105 
carmine  gelatin  for,  105 
cold,  104 
milk  for,  104 

Tandler’s  fluid  gelatin  for,  105 
warm, 105 

Inorganic  substances,  stains  for,  142 
Instruments,  autopsy,  307 
bag  for  private  cases,  315 
laboratory,  19,  22,  20 

Intestines,  gross  specimens,  preserving,  379 
removal  and  examination  of,  en  bloc 
technique,  338,  343 
en  masse  technique,  344 
Rokitansky’s  technique,  350 
Virchow’s  technique,  329 
staining  of,  204 

Iodine  and  sulfuric  acid  reaction  for  amyl¬ 
oid,  133 

for  removing  precipitate  after  corrosix  e 
sublimate  fixation,  41 
Grams’  solution,  82 
Gram-Weigert’s  solution,  82 
green,  for  amyloid,  134 
Langhans’,  for  glycogen,  126 
reaction  for  amyloid,  132 

Langhans’  method  for  obtaining  per¬ 
manent  mounts,  132 
on  gross  material,  31 
stains,  81 

Iron  as  pigment,  136 

Berlin  blue  method  for,  137 
chloride  (ferric)  hematoxylin,  Mallory  s, 
75 

demonstration  in  tissues,  142 
Gomori’s  method  for,  137 
gross  specimens  containing,  stain  for,  13^ 
hematoxylin,  1  leidenhain’s,  74 
Weigert’s,  74,  232 

Mallory’s  hematoxylin  stain  for,  Id't 
reaction  on  gross  material,  31 
removal  from  tissues,  142  __ 

'I'urnbuH’s  blue  method  for,  Li/,  138 


Jani'S  green  as  su])ravilal  stain,  190 
Jars,  museum,  cement  for,  383,  384 
for  mounting,  383 
jireserving,  29 
jaundice,  infectious,  295 


Jaundice,  opening  of  duodenum  in,  331 
Jejunum,  removal  and  examination  of,  330, 
338,  343,  350 

Jores’  solutions  for  fixation  of  gross  speci¬ 
mens,  381 

Kaiser’s  glycerin  jelly,  100 
Kaiserling’s  solutions  for  fixation  of  gross 
specimens,  380 

Kasarinofi- Apathy  gum  solution,  122 
Kerasin,  116 

Keratohyalin,  staining,  259 
Kidneys',  gross  specimens,  preserving,  379 
removal  and  examination  of,  en  bloc  tech¬ 
nique,  339,  342 
en  masse  technique.  344 
Rokitansky’s  technique,  348 
Virchow’s  technique,  333 
staining  of,  212 
weight  of,  in  adults,  375 
in  infants  and  children,  377 
Knives,  amputation,  26,  309 
autopsy,  309 
cartilage,  27 
microtome,  24 

honing  and  stropping,  24,  25 
Kopsch’s  osmic  acid  method  for  Golgi  appa,- 
ratus,  Kolatschew  and  Nassonov’s  modi¬ 
fication,  114 

Kossa’s  silver  nitrate  method  for  calcium, 
144 

Kiihne’s  methylene  blue,  85 
Kull’s  method'  with  Altmann’s  aniline  acid 
fuchsin.  111 

Kultschitzsky’s  cells,  205 
hematoxylin  sheaths,  235 
modification  of  Weigert’s  method  for 
myelin  sheaths,  231,  234 


Labelinc,  of  gross  specimens,  382 
Laboratory  bottles,  28 
centrifuge,  26 
container  for  slides,  29 
desks,  17 
equipment,  17 
floor,  linoleum-covered,  18 
glassware,  27 
heating,  18 

instruments,  19,  22,  26 
microscope,  19 
microtomes,  22 
paraflin  oven,  26 
running  water  for,  19 
shelves,  17,  19 
sink,  18 

staining  dishes,  27 
windows,  17 
Lacunae  of  bone,  staining,  172 
Laidlaw’s  modification  of  Bloch  s  dopa  reac 
tion,  260 

silver  stain  for  reticulum,  16/ 

Langhans’  iodine  stain  for  glycogen,  126 
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1  .aiighans'  iiicllioil  f('r  (ihtaiiiinK  permanent 
amyloid  mounts  with  iodine,  Id2 
Lanolin  loloitlionv  mixture,  Du  Xoyer’s,  for 
sealing  iluid  mounts, 

Lantern  slides,  making  of.  d')d 
Larxac  of  worms,  examination  of  feecs  for, 
dOl 

Lea<l  eliloride  hematoxylin,  .Mallory’s,  for 
axis  eylinders,  22t) 

l.ead,  Mallory's  hematoxylin  test  fur,  14d 
Leeithin,  1 1  (i 

Lce-Hrown  moditieation  of  Mallory’s  aniline 
blue  stain  for  eollagen,  Ls5 
I.ehmann’s  iluid  crystals,  21 
Length  of  fetus  at  each  month  of  gestation, 
d7() 

Lens,  at  hromatic.  1't 
apochromatic,  lb 
oil  immersion,  cleaning,  lb,  20 
Lepehne  I’ickworth  method  for  sturiy  of 
brain  capillaries,  257 

Leprosy  bacilli,  l-'lexncr’s  method  of  stain¬ 
ing,  27() 

Leptospira  icterohaemorrhagiae,  demon¬ 
strating,  2b5 

Leukocytes  after  supravital  staining,  Ibl, 
192 

after  Wright’s  stain,  182 
dopa  reaction  for,  Bloch  and  Peck’s 
moditieation,  188 

Levaditi's  stain  for  Treponema  pallidum  in 
sections,  29,1 

Levulose  for  fluid  mounts,  bO 
Liebermann-Hurchardt  cholesterol  test, 
modification  of.  124 

Liesegang's  modification  of  Berlin  blue 
method  for  hemosiderin,  157 
Lifters,  sec  tion.  27 

Light  green  ac  id  fuchsin,  Alzheimer's,  for 
neuroglia  changes.  246 
Lime  salts.  ciilTerential  test,  145 

insoluble,  Gomdri’s  silver  nitrate  stain 
for.  144 

Linoleum  for  laboratory  floor,  18 
Lipoblast,  study  of,  151 
Lipochrome,  125 
Lipofusdn,  125 
Lipoids,  116 

Ciaccio’s  method  for,  121 
Lorrain  Smith- Dietric  h  stain  for,  12,1 
jrroperties  of,  permitting  microscoiiic  dif¬ 
ferentiation,  116,  117 
stains  for,  121 

Lithium  carmine,  Orth’s,  80 
hematoxylin,  Weigert’s,  255 
silver,  llorlega’s,  for  reticulum,  167 
Lix’er,  alcoholic  hyalin  in,  staining,  207 
fatty,  cholesterol  esters  in,  21 
gross  s[)ec  inien,  iron  reac  lion,  .11 
|)reser\'ing,  .179 

removal  and  examination  oi,  eii  bloi 
techiii(|ue,  559,  541 
cMi  masse  tec  hni(|ue,  .141 
Kokitansk3''s  tec  hni(|ue,  .117 


Liver,  removal  and  examination  of,  \’ir- 
chow’s  tec  hnicpie,  5.12 
staining  of,  2(K) 
weight  of,  in  adults.  575 
in  infants  and  c  hihlren,  ,177 
Locke’s  solution,  .197 
Loefller's  methylene  blue,  84 
Lorrain  Smith  Dietric  h  stain  for  lipoids,  12.1 
1  .ot ion  for  hands,  .Ibti 
Luer’s  rac  hiotome.  510 
Liigol's  solution,  81 

Lungs,  gross  spec  imens,  preserv  ing,  579 
insiiection  of.  522 

removal  and  examination  of,  en  bloc 
tec  hnir|ue,  5.1S.  541 
en  masse  lechnir|ue,  544 
Rokitansky’s  technique,  ,145 
X'irchow's  techniciue,  .12f) 
silica  in,  quantitation  of,  22 
staining  of,  202 
weight  of,  in  adults,  575 
in  infants  and  children,  ,177 
Lymph  nodes,  study  of,  202 
Lx'mphoblasts  after  supravital  staining,  192 
Lymphocytes  after  supravital  staining,  191 
after  Wright’s  stain,  18,1 

MacC,\lll'xi’s  modification  of  Good- 
pasture’s  method  for  Gram-positive  and 
Gram-negative  bacteria,  274 
Macerating  fluids,  55 

Macrophages  after  supravital  staining,  192 
Madura  foot,  280 
Madurella  mycetomi,  280 
Maduromxa'osis,  280 
Malarial  parasites,  297 

examination  of  fresh  blood  specimens 
for,  299 

in  sections,  Giemsa’s  method  for,  299 
in  smears,  Giemsa’s  stain  for,  299 
Ross’  method  for,  298 
varieties,  297 
Wright’s  stain  for,  298 
pigment,  156 

Male  genital  system,  staining  of,  21,1 

removal  and  examination  of,  555, 
5.19,  .142,  548 

Mallory’s  acid  fuchsin  stain  for  tibroglia 
fibrils,  151 

aniline  blue  stain  for  collagen,  155 

Hensley’s  moditieation  forpancreas, 
210 

Lee-Brown’s  moditieation,  155 
dilTerential  stain  for  amebas  in  sections, 
297 

fuchsin  stain  for  hemofucsin.  Lit) 
hematoxylin  slain  for  iron  and  lor  cojiper, 
1,19' 

test  lor  lead,  1  1.1 

iron  chloride  (ferric)  hemaloxv'lin,  75 
lead  c  hloride  hemaloxviiu  -.tain  for  axis 
(  \’linder>,  22li 

phloxine  -.lain  for  alcoholic  hvaliii,  207 
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Mallory’s  phloxinc  and  methylene  blue  stain, 
<S(),  87 

for  bacteria  in  sections,  271 
])hos]>honiolybdic  acid  hematoxylin,  Alz¬ 
heimer’s  modification,  for  neu¬ 
roglia  chanRcs,  245 
for  collagen,  156 

phosi)hotungstic  acid  hematoxylin,  76 
for  mitochondria,  1 1 1 
for  neuroglia  fibrils,  241 
stain  for  actinomyces  in  celloidin  sec¬ 
tions,  279 

in  parafiln  sections,  279 
thionin  stain  for  alcoholic  hyalin,  207 
Mammary  glands,  260 
Mann’s  eosin-mcthyl  blue  stain,  245 

Alzheimer’s  modification,  for  axis 
cylinders,  226 
for  neuroglia  changes,  245 
Bond’s  modification,  for  Negri 
bodies,  285 

Marchi’s  fluid  as  fixative,  45 

method  for  fatty  degeneration  in  nervous 
system,  237 

Maresch’s  modification  of  Bielschowsky 
method  for  reticulum,  158 
Marking  of  fields,  mcthvl  \  iolet  shellac  for, 
396 

Masson’s  gelatin  method  for  attaching 
paraffin  sections  to  slide,  58 
method  for  paraffin  embedding  after  fixa¬ 
tion  in  Bouin’s  fluid,  46 
silver  method  for  argentaffin  cells  in 
blocks,  205 

trichrome  stain  for  connective  tissue,  156 
Mast  cells,  174 

in  sections,  Ehrlich’s  stain,  174 
Unna’s  stain,  175 

differential,  for  jilasma  cells 
1 75 

Materials,  general,  17 

Maximow’s  azure  II  eosin  and  alum  hemat¬ 
oxylin  stain  for  bone  marrow,  196 
modification  of  Ilelly’s  fluid,  196 
Maximow,  Kubaschkin  and  Dantschakotf  s 
method  for  serial  celloidin  sections,  ()1 
Mayer’s  acid  alum  hematoxylin,  73 
albumin-glycerin  mixture,  57 
alcoholic  carmine  (paracarmine),  79 
carmalum,  78 
muchematein,  129 
mucicarmine,  81,  130 
stain  for  amyloid,  134 
May-Grtinwald  fixing  reagent,  183 
MeJ unkin’s  benzidine  stain  for  paraffin  sec¬ 
tions  of  bone  marrow,  201 
staining  dish,  27,  28 
Mcjunkin-Iladen  buffer  solution,  181 
Measurements  of  heart  valves,  normal  lim¬ 
its,  374 
tables  of,  374 

Medicolegal  aspects  of  breathing  in  new¬ 
born,  371 

Medulla  oblongata,  sections  from,  360 


Megakaryocytes,  Wright’s  stain  for,  197 
Melanin,  141 

Bloch’s  dopa  rea(  tion  for,  260 
Meningeal  artery,  middle,  exposure  of,  in 
newborn,  368 

M  ercuric  bichloride.  See  Corrosive  sub- 
limatc. 

Metallic  impregnations,  95 

staining  methods  for  central  nervous 
system,  248 
stains,  95 
gold  as,  95 
osmium  as,  95 
silver  as,  95 
Met  hemoglobin,  135 
Methyl  blue  and  eosin,  Mann’s,  245 

■Mzheimer’s  modification,  for  axis 
cylinflcrs,  226 
for  neuroglia  changes,  245 
Bond’s  modification,  for  Negri 
bodies  in  smears.  285 

Methyl  green  and  acid  fuchsin,  Bensley’s, 
for  pancreas,  21 1 

and  pyronine,  Unna-Bappenheim’s,  as 
modified  by  Saalhof  for  bacteria, 
271 

for  plasma  cells,  176 
Methyl  violet,  88 
aniline,  88,  89 

for  Weigert’s  differential  stain,  242 
shellac,  for  marking  fields,  396 
Weigert’s,  88,  89 

Methylbenzoate  in  paraffin  embedding,  54 
Methylene  blue,  84 

acid  polychrome,  Goodpasture’s,  85 
alkaline,  Unna’s,  85 
and  eosin,  Goodpasture’s,  for  pan¬ 
creas,  209 

and  i)hloxinc,  Mallory’s,  86,  87 
for  bacteria  in  sections,  271 
borax,  Sahli’s,  86 

hhrlich’s  supravital  method,  for  nerve 
fibers,  224 
( labbett’s,  85 
Ktihne’s,  85 
Loolller’s,  84 
jxilychrome,  175 
Unna’s,  85 
Mica  diaphragm,  22 

Microglia,  I’cnficld’s  combined  method,  254 
stains  for,  254 
Micro-incineration,  102 
.Scott’s  technic lue,  102 
Micro])hotography,  388 
apparatus  for,  388 
choice  of  field,  389 
color  screens,  386 
de])th  of  focus,  360 
illumination  for,  386 
irlates  for,  386 

stains  giving  good  results,  390 
Microscope,  19 

dark  field  condenser,  20 
illumination,  20 
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M  ii'iosi  u|)(',  i-y('])i(.-i  L’S,  1') 
illumination,  2(1 

Ahhi'  a|)paralus,  20 
(lark  riold,  20 
natural  and  artilicial,  20 
lenses,  10 

eleanin.!;,  I0,  20 
meehanii  al  stage,  20 
mica  diapliragm,  22 
N'ieol  prisms,  21 
ol)jeeti\es,  10 

oil  immersion  lens,  cleaning,  10 
l)olarisco])ic,  2 1 

study  of  color  ((roduclion,  22 
Microscoi>ic  identilication  of  crystals,  21 
slides,  storage  of,  20,  ,r0 
Mierosporon,  281 
-Microtome,  22 
(■elloidin,  2,> 
freezing,  2,r 

carbon  dioxide  method,  2,^,  24 
knives,  24 

honing  and  stropping,  24,  2> 
paraftin,  22,  28 
rotary,  22 
-Minot,  22 
sliding,  28 

precision,  Minot,  23 
with  inclined  plane,  28 
with  screw  control  of  object,  23 
Milk  as  injection  fluid,  104 
Mineral  salts  in  tissue,  study  by  micro- 
in(  ineration,  102 

Minot's  precision  sliding  microtome,  23 
rotary  microtome,  22 

Mitochondria,  -Mtmann-Kull  method  for, 
111 

phosphotungstic  acid  hematoxylin  stain 
for,  1 1 1 

Kegaud’s  method  for,  110 
staining,  110 
Mitosis,  study  of,  108 
Mitotir  figures,  fixing  reagents,  108 
safranine  stain  for,  109 
Mitral  \  alve,  normal  measurements,  374 
ratio  to  aortic  valve,  374 
-Mixter’s  carbon  dioxide  method  for  freezing 
sections,  23,  24 
Molds,  staining,  280 

-Molluscum  contagiosum,  inclusion  bodies 
of,  288 

-Monilia  albicans,  staining,  280 
-Moniliasis,  280 
cutaneous,  281 
pulmonary,  281 

-Monoblasts  after  supravital  staining,  192 
-Monocytes  after  sujiravital  staining,  191 
after  Wright’s  stain,  183 
of  xanthoma,  cholesterol  esters  in,  21 
-Monosodium  urate,  Schultz-Schmiclt  stain 
for,  I4t) 

-Mordant,  neuroglia,  Weigert’s,  210 
Weigert’s  first,  282 
second,  282 


Mossman’s  technic  for  dehydration  in  par- 
aflin  embedding,  .S.s 
Mounting  of  cclloidin  siiec  imens,  (lO 
of  gross  s|)e(  imens,  .18.1 
of  paraffin  s|)e(  imens,  .S() 
reagents,  97,  9') 

N  ulc  anized  fiber  for,  29 
Mounts,  fluid,  99 
levulose  for,  99 
])()tassium  acetate  for,  99 
sealing  in,  Duc  o  cement  for,  99 

Du  -Xoyer’s  lanolin  colophony  mix¬ 
ture  for,  99 
solid,  100 

(lanadii  balsam  for,  100 
colophony  (rosin)  for,  101 
dammar  for,  101 
Kaiser’s  glycerin  jelly  for,  100 
oil  of  cedarwood  for,  101 
terpineol  balsam  for,  101 
-Muchematein,  Mayer’s,  129 
-M Licicarmine,  Mayer’s,  81,  180 
-Mucin,  128 

acetic  acid  test  for,  128 
alum  hematoxylin  stain  for,  128 
lixation  of,  1 28 
fuchsin  slain  for,  131 
-Mayer’s  muchematein  stain  for,  129 
stains  for,  128 
thionin  stain  for,  130 
Mucous  cells  of  stomach,  205 
-Muller’s  fluid  as  fixative,  42 

for  central  nervous  system,  217 
-Muscle  tissue,  stains  for,  177 
Museum  jars,  cement  for,  383,  384 
for  mounting,  888 
preparations,  878 

Alycclia  of  ringworm,  demonstrating,  82 
Mycetoma,  280 

-Myelin  sheaths,  degenerating,  study  of, 
2.17 

Marchi’s  method,  for  fatly  degenera¬ 
tion,  287 

normal,  study  of,  289 
Sjiielmeyer’s  method,  for  frozen  sec¬ 
tions,  287 
stains  for,  229 
Weigert’s  method  for,  281 
for  frozen  sections,  286 
Kullschilzky’s  modilication,  281, 
284 

Pal’s  modilication,  288 
Wolters’  modilication,  285 
stains  for,  125 

-Myeloblasts  after  suprax  ital  staining,  192 
after  Wright’s  stain,  182 
-Myelocytes  after  supravital  staining,  191 
after  Wright’s  stain,  182 
-Myelotome  for  au(o|)sy,  .109 

.\/\ir.s,  St udy  of,  260 

•Vasopharynx,  exirosure  and  examination  of, 
.16.5 
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Nassonov  and  Kolatsclicvv’s  niodil'ication  of 
Kopscli’s  osmic  acid  method  for  (iolgi 
ap])aratus,  114 
Natural  dyes,  65,  66 
Necator  americanus,  505 
Neck,  organs  of,  examination,  327 
Necrosis,  study  of,  146 
Needles,  autopsy,  311 
Negri  bodies,  234 

in  sections,  Schleifstein’s  rapid  method 
for,  236 
in  smears,  234 

Bond’s  modification  of  Mann’s  eosin- 
methyl  blue  stain  for,  285 
Williams’  modification  of  van  Gieson’s 
stain  for,  235 

Nemathelminthes,  identification  of,  303 
Nerve  cells,  impregnating,  Golgi’s  rapid 
method,  216 
stains  for,  220 

fibers,  Pihrlich’s  supravital  methylene  blue 
stain  for,  224 

in  paraffin  section,  Bodian’s  method  for, 
228 

nonmiyelinated,  Ranson’s  pyridine  sil¬ 
ver  stain  for,  224 
stains  for,  222 

terminals,  stains  for,  227,  228 
Nervous  system,  central,  214 
fixing  reagents,  214 
postmortem  examination  of,  351 
stains,  217 

for  astrocytes,  239 
for  axis  cylinders,  224 
for  connective  tissue  and  blood 
vessels,  256 
for  eye  and  ear,  258 
for  Golgi  apparatus,  221 
for  microglia,  255 
for  mitochondria,  221 
for  myelin  sheaths,  229 
for  neurofibrils,  222 
for  neuroglia,  259 
for  Nissl  substance,  220 
for  oligendroglia,  253 
for  pigment,  221 
general,  218 

picro-acid  fuchsin  for,  93 
Neurofibrils  in  sections,  Bielschowsky’s 
method  for,  222 
staining,  222 

Neuroglia,  Alzheimer’s  ameboid  cells,  244 
Cajal’s  gold  chloride  sublimate  method 
for  astrocytes,  248 

changes,  Alzheimer’s  light  green-acid 
fuchsin  method  for,  246 
Alzheimer’s  modification  of  Mallory’s 
jihosphomolybdic  acid  hematox¬ 
ylin  for,  245 

of  Mann’s  eosin-methyl  blue  for,  245 
fibrils,  256,  241 

Hailey’s  slain  for,  245 
Mallory’s  phos()hotungstic  acid  hemat¬ 
oxylin  stain  for,  241 


Neuroglia  fibrils,  Weigert’s  differential  stain 
for,  241 

granules,  Alzheimer’s  stain  for,  247 
mordant,  Weigert’s,  216 
Rlo-IIortega’s  silver  carbonate  method 
for  astrocytes,  250 
for  oligodendroglia,  255 
stains  for,  259 
Neurogliabeize,  252 

Neurons,  Golgi’s  rapid  method  for  impreg¬ 
nating,  219 

Neutral  red  as  supravital  stain,  190 
Neutrophiles,  polymorphonuclear,  after  su¬ 
pravital  staining,  161 
after  Wright’s  stain,  182 
Newborn,  circulatory  anomalies  in,  search 
for,  371 

determining  whether  child  has  breathed, 
371 

organ  weights  of,  377 
postmortem  examination  of,  366 
skull,  opening  and  examination  of,  366 
spinal  canal,  opening  of,  371 
umbilical  cord  and  arteries,  examination 
of,  371 

Nicol  prisms,  21 
Nicolle’s  carbol  thionin,  172 
Nieto’s  stain,  Heitzman’s  modification,  for 
Treponema  pallidum,  263 
Nile  blue  sulfate  stain  for  separating  neutral 
fats  from  other  fats,  119 
Nissl  substance,  toluidine  blue  for,  220 
Nitric  acid  in  decalcification,  49 
additions  to,  49 

Nuclear  staining  methods,  65,  107 
aniline  dyes  in,  83,  84 
evaluation  of,  107 


Objectives  for  microscope,  19 
Occipital  lobe,  sections  from,  560 
Ogata  (T.  and  A.)  silver  method  for  chro¬ 
maffin  cells,  268 

Oil,  aniline,  as  clearing  reagent,  69 
immersion  lens,  cleaning,  19,  20 
of  cedarwood  as  clearing  reagent,  98 
for  solid  mounts,  101 
in  paraffin  embedding,  55 
of  clox'es  and  celloidin  for  attaching  par¬ 
affin  sections  to  slides,  58 
of  origanum  as  clearing  reagent,  68 
Oleum  origani  as  clearing  reagent,  98 
Oligodendroglia,  Penfield’s  combined  method 
for,  254 

Rio-IIortega’s  silver  carbonate  method 
for,  255 
stains  for,  255 
Orcein  stains,  81 

I'aenzer-Unna,  for  elastic  fibers,  171 
Organic  substances,  stains  for,  147 
Organs,  cultures  of,  574 
of  adults,  ax  erage  normal  weights,  375 
of  infants  and  children,  weights  of,  377 
special,  fixing  and  staining,  178 
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Origanum,  oil  of,  as  clearing  reagent,  ‘tS 
Orth’s  Iluid  as  fixing  reagent,  ,U),  42 
litliium  carmine,  iSO 

( )smic  acid  and  corrosix  e  siililimate  as 
fixative,  204 
as  fixative.  44 
as  stain,  05 
for  fat,  11 S 

for  Oolgi  a|i[)aratus,  114 
Osmium  tetroxide  as  stain,  05 
Ova  of  worms,  examination  of  feces  for, 
,101 

methods  of  concentrating,  ,101 
( Ivaries,  incision  and  examination  of,  .1,15, 

.14,1,  ,140 

staining  of,  214 
weight  of,  ,175 
Oven,  paraffin,  20 
Oxazones,  110 

Oxidase  granules  of  blood,  Graham's  alpha- 
naphthobpyronine  stain  for,  186 
Graham's  benzidine  stain  for,  187 
W  inkler-Schultze  reaction,  18.S 
of  bone  marrow,  Graham’s  alpha- 
naphthol  pyronine  stain  for,  100 
Graham’s  benzidine  stain  for,  200 
\\  inkler-.Schultze  reaction,  100 

Pal’s  decolorizer,  160 
hematoxylin  solution,  2,14 
modification  of  Weigert’s  method  for  my¬ 
elin  sheaths,  2,13 
Pancreas,  208 

Hensley's  acid  fuchsin-methyl  green  stain 
for,  21 1 

modification  of  Mallory’s  aniline  blue 
stain  for,  210 

neutral  crystal  violet  stain  for,  200 
Goodpasture’s  eosin-methylene  blue  stain 
for,  200 

removal  and  examination  of,  en  bloc  tech¬ 
nique,  ,1,10,  342 
en  masse  teclinique,  344 
Rokitansky’s  technique,  340 
\  irchow’s  technique,  331,  ,1,12 
weight  of,  ,177 
Paneth’s  cells,  205 

Paiqienheim-l  nna’s  methyl  green-pyronine 
stain  for  plasma  cells,  176 
.‘saathof’s  moflitication  for  bacteria, 
271 

Parararmine,  70 
Paraffin  embedding,  51,  52 
ai  etone-benzol  in,  54 
after  fixation  in  Houin’s  fluid,  46 
benzol  in,  54 
chloroform  in,  5,1 

dehydration  in,  dioxane  for,  54,  55 
dioxane  in,  Graupner’s  and  W'eiss- 
lierger’s  methoil,  ,54,  55 
methylbenzoate  in,  Peterli’s  celloidin 
method,  54 

oil  of  cedarwood  in,  53 


Paralfm  embedding,  preparation  of  fixed  and 
hardened  tissues,  reagents  for,  52-55 
oven,  2() 

sections,  attachment  to  slide,  57 
by  cajiillary  attraction,  57 
Masson’s  gelatin  method,  58 
Mayer’s  albumin-glycerin  mixture 
for,  57 

,Schallibaum’s  solution  for,  58 
rutting,  56 

microtome  for,  22,  2.1 
razor  blades  for,  25 
dehydration,  97 
of  bacterial  specimens,  270 
of  bone  marrow,  staining,  201 
of  tissues  fixed  in  Ilouin’s  fluid,  46 
removal  of  paraffin,  57 
staining,  dishes  for,  27 
preliminary  steps,  68 
serial,  58 

specimens,  paper  box  for  blocking,  56 
Paraganglia,  staining,  267 
Parasites,  malarial,  stains  for,  297 
Parasitic  worms,  301 

examination  of  feces,  methods,  301 
identification,  302 

I’arathyroid  glands,  location  of,  at  autopsy, 
328 

staining  of,  262 
weight  of,  375 
Parhemoglobin,  135 
Parietal  cells  of  stomach,  205 
Pathological  products  stainable  by  artificial 
dyes,  82 

by  hematoxylin  and  metals,  69 
subject  to  differential  staining,  66,  67 
Peck  and  Bloch’s  modification  of  dopa  reac¬ 
tion  for  leukocytes,  188 
Pelvic  organs,  removal  and  examination  of, 
en  bloc  technique,  339,  342 
en  masse  technique,  344 
Rokitansky’s  technique,  348 
Virchow’s  technique,  334 
Penfield’s  combined  oligodendroglia  and 
microglia  method,  254 
methods  for  metallic  staining  of  nervous 
system,  248 

Penis,  removal  of,  en  bloc  technique,  343 
en  masse  technique,  344 
Rokitansky’s  technique,  348 
X'irchow’s  technique,  336 
Perrlrau’s  modification  of  Bielschowsky’s 
method  for  reticulum,  160 
Pericardium,  opening  of,  en  bloc  technique, 
340 

Rokitansky’s  technique,  346 
Virchow’s  technique,  322 
Pericranium,  examination  of,  in  newborn. 
367 

Peritoneal  cavity.  See  Abdo»ti)ial  cavity. 
Peritonitis,  acute,  autojisy  in,  314,  329’ 
Permissions,  autopsy,  307 
Peroxidase  reaction,  Sato’s,  188 
in  bone  marrow,  20() 
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IVtcrti’s  cclloidin  mclliocl  of  embcddint;  in 
jxiraffm,  54 

I’ctrous  Ijonc,  examination  of,  565 
Pharynx,  exposure  of,  565 
Phlorogliicin  and  nitric  acid  in  decalcifica¬ 
tion,  46 

Phloxine  and  uiethylenc  blue,  Mallory’s,  86, 
87 

for  bacteria  in  sections,  271 

H,  62 

Mallory’s,  for  alcoholic  hyalin,  207 
Phosjihatides,  lU) 

Phosphomolybdic  acid  hematoxylin,  Mal¬ 
lory’s,  Alzheimer’s  modifica¬ 
tion,  for  neuroglia  changes, 
245 

for  collagen,  156 

Phos)ihotungstic  acid  hematoxylin,  Mal¬ 
lory’s,  76 

for  mitochondria,  111 
for  neuroglia  fibrils,  241 
Photography,  585 

developing,  fixing,  printing,  making  of 
lantern  slides,  561 

micro-,  588.  See  also  Aficro photography. 
of  gross  specimens,  585 
camera  for,  585 
exposure  meter  in,  587 

formula  and  table  for  use  with, 
588 

focusing,  587 
high  lights,  avoiding,  587 
illumination  for,  585,  587 
plates  for,  585 
tank  for,  585 
1‘hrenosin,  116 
Physiological  solutions,  566 
Pia  mater,  inspection  and  removal  of,  555, 
556 

Pickworth’s  and  Lepehne’s  method  for 
study  of  brain  capillaries,  257 
Picric  acid,  62 

and  acid  fuchsin,  van  (lieson’s,  for 
collagen  and  reticulum,  152 
alcohol,  156 
as  fixati\'e,  45 
in  decalcification,  50 
Picro-acid  fuchsin,  van  (lieson’s,  62 
Pigments,  autogenous,  141 
bile,  140 
exogenous,  141 
hematogenous,  155 
malarial,  156 

of  ner\'e  cells,  stains  for,  221 
of  pituitary  gland,  demonstrating,  265 
of  skin,  demonstrating,  260 
waste,  141 

Pineal  body,  Rio-I  lortega’s  modification  of 
silver  carbonate  method  for,  265 
stains  for,  265 
weight  of,  575 

Pinkerton  and  Wolbach’s  method  lor 
Rickettsiae  and  Rickettsia  like  bodies  in 
sec  tions,  282 


Pituitary  gland,  MacCallum’s  modification 
of  Cowdry’s  copper  hematoxylin 
stain  for,  265 
stains  for,  264 
weight  of,  575 
Plasma  cells,  1  75 

in  sections,  Unna’s  differential  stain  for 
mast  cells,  175 

Unna-Pappenheim  methyl  green-j)yro- 
nine  stain  for,  1 76 

Plasmodium  malariae,  stains  for,  267 
Plastosomes,  staining,  1 1t) 

Platelets,  blood.  .See  Blood  platelets. 

Plates,  microphotographic,  586 
photographic,  585 
developer  for,  585 

Platyhelminthes,  identification  of,  502 
Pleural  adhesions,  severing,  521,  526 
cavities,  inspection  of,  521 
Polariscopic  microscope,  21 
Polychrome  methylene  blue,  175 

(joodpasture’s,  with  acid,  85 
Unna’s,  85 

Polymorphonuclear  neutrophiles  after  su¬ 
pravital  staining,  161 
after  Wright’s  stain,  182 
Postmortem  discolorations,  517 
examination,  505.  See  also  Autopsy. 
rigidity,  517 

Potassium  acetate  for  fluid  mounts, 
66 

bichromate  as  fixing  reagent,  42 
ferrievanide  and  borax,  Weigert’s, 
121' 

hydroxide  as  macerating  fluid,  52 
Precision  sliding  microtome,  25 
Preparation  of  unfixed  material,  51 
Preservation  of  gross  specimens,  578 
Preservative  for  fixed  tissues,  57 
Preserving  jars,  26 
Printing  pajicr  for  photographs,  ,162 
Prints,  photographic,  developer  for,  562 
Prisms,  Nicol,  21 
Private  autopsy,  515 
Probes  for  autopsy,  510 
I’romyelocytes  after  Weight's  stain,  182 
Prostate,  incision  of,  545,  546 
staining  of,  215 
weight  of,  575 

Protozoa  in  sections,  (riemsa’s  method  of 
staining,  266 
staining,  265 

Prozymogen  granules  of  stomach,  205 
Pulmonary  artery,  examination  of,  in  cases 
of  sudden  death,  514,  524 
moniliasis,  281 

\  alve,  normal  measurements,  574 
ratio  to  aortic  valve,  574 
Pyridine  and  silver,  Ranson’s,  for  non¬ 
myelinated  ner\  e  libers,  224 
Pyronine,  60 

and  alpha-na])hthol  for  oxidase  granules 
of  blood,  18() 
of  bone  marrow,  166 
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I’vroninc  ,111(1  nii'tliyl  gicon,  l’iiii;i-l’ai)[H‘ii- 
lu'ini’s,  as  modilKMl  l)\'  .S^miliof 
for  hai  tcria,  271 
for  plasma  (clIs,  1  7(> 

l\\iiii:s,  Xc^'ri  liodit-s  in,  2,S4 
kai  liiotonu',  laicr’s,  dIO 
kaiisoti’s  |)yridiiu'  siK'cr  stain  for  non 
m\-('linatod  lu-rx  c  lilicrs,  224 
kain  ior’s  alcohol  maccraliii"  lUiid,  M 
R.'i/.or  hladcs  for  cuttinf'  [laral'fin  sections,  2,s 
Reaction,  dojia,  Itloch's,  Laidlaw's  modit'ica- 
( ion,  2()(! 

iodine,  on  fjross  material,  ,il 
iron,  on  f;ross  material,  ,^1 
oxidase,  W'inkler-Schultze,  in  hlood,  1S,> 
peroxidase,  .Sato’s,  KSS 
in  hone  marrow,  200 
scarlet  red,  on  f^ross  material,  ,il 
Reagents,  bottles  for,  2,S 
Rectum,  remocal  and  examination  of,  ,xi,s, 
-vvS,  .t4.\  ,i40 
Reducer,  t'ajal’s,  1 1  ,r 
Regaud's  Iluid  as  llxatic-e,  4,> 
hematoxylin,  l.sO 
method  for  mitochondria,  110 
Relapsing  fe\  er,  204 
Reprodiu  ti\  e  system,  study  of,  2I.r 
Respiratory  system,  study  of,  202 
Restitution  of  body  after  autopsy,  ,172 
Reticulum.  1  .S2 

silver  impregmation  methods,  l,s7-168. 

.See  also  Silver  im pregnatiou  methods. 
staining  methods,  ],S2  l,s7.  See  also 
under  Collagni. 

Ri(  kets,  examining  eiiiphyseal  line  for,  ,172 
Rickettsia  prowazeki,  28.1 
Rickettsiae,  281 
in  tissues,  stain  for,  282 
Rigidity,  postmortem,  ,117 
Ringer’.s  .solution,  .106 
Ringworm,  281 
interdigital,  281 
mycelia  of,  demonstration,  ,12 
Rio-Hortega’s  ammoniacal  silv  er  carbonate, 
strong,  2,1.1 
weak,  2.14 

carbol-xylol-creosote  mixture,  240 
lithium  silver  solution,  modified,  167 
silver  carbonate  method  for  astrocytes, 
210 

for  microglia,  211 

for  oligodendroglia,  21,1 

for  jiineal  body,  26,1 

for  reticulum,  boot’s  modilic.ation, 

1 61 

Ripening  of  hematoxylin,  60 
Rocky  .\Iountain  s])otted  fever,  284 
Rokitansky’s  autojisy  te(  hniiiue,  ,141-.110 
Romeis’  method  of  embedding  with  benzol, 
14 

Room,  autojisy,  .11 1 

for  mic  roscopic  work,  17 


Rosin.  See  Colophony. 

Ross’  stain  for  malarial  ji.ir.asites,  208 
Rotary  mic  rotome,  22 
.M inot,  22 

Round  worms,  identilication  of,  ,10.1 
Rubaschkin,  I  tantschakoll,  and  Ma.ximow’s 
method  for  serial  celloidin  sections,  ()2 
Rubber  gloves  for  autojisy,  ,11.1 
Ruge’s  solution,  201 
Running  water  for  hdioratory,  10 

S.\,\tiiok’s  modification  of  Unna-I’;i])i>en- 
heim’s  methyl  green  pyronine  stain  for 
bacteriii,  271 
Saf ranine  ( ),  00 

aniline,  babes’,  00 
for  mitotic  figures,  100 
Sahli’s  borax  methylene  blue,  86 
Salivary  glands,  study  of,  204 
Salt  solution,  hyqiertonic,  for  concentrating 
ova,  .101 

Saphir’s  method  for  en  masse  postmortem 
examimition,  .14-4 
Sato’s  peroxidase  reaction,  188 
in  bone  marrow,  200 
Saws,  autopsy,  ,110 
for  laboratory  use,  2f) 

Scides,  autopsy,  ,106 
Scalp,  removal  of,  ,111 
in  newborn,  ,16(( 

Scalpels,  27 

for  autojrsy,  ,106 
Scarlet  red  for  fats,  117 

Ilerxheimer’s  solution,  118 
reaction  on  gross  material,  .11 
Schullibaum’s  solution  for  attaching  par- 
aflin  sections  to  slides,  18 
Schistosomum  haematobium,  ,10.1 
japonicum,  .10.1 
mansoni,  ,10.1 

Schleifstein’s  rapid  method  for  demonstrat¬ 
ing  Xegri  bodies  in  sections,  286 
Schmelzer  and  'I'irmann’s  'rurnlrull  blue 
method  for  hemosiderin,  1.17,  1,18 
Schmidt-Schultz  stain  for  monosodium 
urate,  14() 

Schmorl's  method  for  chromatlin  cells,  268 
for  staining  lacunae  and  canaliculi  of 
bone,  172 

Sc  hnellbeize,  2.10,  2.12 

Schridde’s  method  for  removal  of  ])rccipi- 
tates  after  formalin  fixation,  40 
Sc  hiiller-Christian  disease,  cholesterol  esters 
in,  21 

for  preserving  color  in  gross  specimens, 
,182 

Schultz’s  melhod  for  demonstrating  choles¬ 
terol,  124 

Sc  liLillz  Sc  hmidt  stain  for  monosodium 
urate,  I4() 

S(  hullze  and  Winkler’s  oxidase  reaction  in 

blood,  bsi 

in  bone  marrow,  166 
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Scissors,  27 

for  iiutoi^sy,  300 

Scoll’s  technique  for  micro-incineration,  102 
Sealinj;  Iluid  mounts,  00 
Searing  ap]raratus  for  cultures,  311 
Sebaceous  glands,  260 
Sections,  lifters  for,  27 

transferring,  instrument  for,  27 
Seminal  vesicles,  exposure  of,  342 
staining  of,  213 

Serial  sections  by  celloidin  method,  61-64 
by  paraffin  method,  58 
Sericite  crystals,  microscopic  identification, 
22 

Shellac,  methyl  violet,  for  marking  fields, 
306 

Shelves  of  laboratory,  17,  10 
Silica  content  of  dusts,  estimating,  22 
crystals,  22 

microscopic  identification,  22 
in  lung  tissue,  quantitation  of,  22 
Silver  as  pigment,  142 
as  stain,  05 

carbonate,  ammoniacal,  strong,  253 
weak,  254 

Rfo-IIortega’s,  for  astrocytes,  250 
for  microglia,  255 
for  oligodendroglia,  253 
for  pineal  body,  263 
hydroxide,  ammoniacal,  161,  163,  164 
impregnation  methods  for  collagen  and 
reticulum,  157 
Bielschowsky-Foot,  1 61 
Hielschowsky-Maresch’s,  158 
Bielschowsky-Pedrau’s,  158 
Hortega-Foot’s,  165 
(lomori’s,  164 
Laidlaw’s,  167 
Wilfler’s,  163 

lithium,  Ilortega’s  modified  solution,  167 
method  of  T.  and  A.  Ogata  for  chromaffm 
cells,  268 

nitrate,  ammoniacal,  Bielschowsky’s,  150, 
lot) 

Fontana’s,  for  treponemas,  201 
and  agar,  Warthin-Starry’s,  Heitzman’s 
mollification,  203 

and  pyridine,  Ranson’s,  for  non¬ 
myelinated  ner\  e  fibers,  224 
Obmori’s,  for  insoluble  lime  salts,  144 
( jros-Schultze’s,  for  axis  cylinders  and 
nerve  terminals,  227 
Kossa’s,  for  calcium,  144 
Masson’s,  for  argentaffin  cells  in  blocks, 
205 

Sink,  laboratory,  18 

Sinuses  of  brain,  insiicction  and  opening  of, 
in  newborn,  360 

Skin  and  appendages,  staining  of,  250 
Skull,  lilling,  after  autopsy,  372 
o]H-ning  of,  352 

in  newborn  and  young  chiklren,  366 
Slides,  27 

attachment  of  celloidin  sections  to,  64 


Slides,  attachment  of  frozen  sections  to, 
33 

after  gelatin  embedding,  34 
of  paraffin  sections  to,  57 
cleaning,  27,  304 
after  use,  305 

for  supravital  staining,  100 
containers  for,  20 
lantern,  making  of,  ,Ft3 
storage  of,  20,  30 
Sliding  microtome,  23 
Smallpox,  Guarnieri’s  bodies  of,  287 
Smears,  blood,  preparation  of,  180 
bone  marrow,  preparation  of,  104 
taking,  of  inflammatory  exudates  and  in¬ 
fectious  lesions,  374 

Smith’s  (W.  H.)  method  for  staining  bac¬ 
terial  capsules  in  sections,  275 
Smith-Dietrich  stain  for  lipoids,  123 
Soaps,  116 

Fischler’s  method  for,  120 
Sodium  chloride  solution  for  unfixed  tissues, 
32 

urate  crystals,  alum  hematoxylin  for,  145 
Solutions,  65 

physiological,  396 
Spatulas.  27 

Specimens,  centrifuged,  31 
gross.  See  Gross  specimens. 
teased,  31 

unfixed,  preparation  and  examination,  31 
Sphingomyelin,  116 
Sphingosine,  116 

Spielmeyer’s  method  for  myelin  sheaths  in 
frozen  sections,  237 

Spinal  canal,  opening  of,  in  newborn  and 
young  infants,  371 

cord,  removal  and  sectioning  of,  363 
staining  of,  214 
Spirochaetales,  stains  for,  288 
Spleen,  gross  specimens,  preserving,  379 
remox'al  and  examination  of,  en  bloc  tech¬ 
nique,  339,  342 
en  masse  technique,  344 
Rokitansky’s  technique,  348 
Virchow’s  technique,  329 
staining  of,  202 
weight  of,  375 

Sjionge  basin  for  autopsy,  309 
Spotted  fever.  Rocky  Mountain,  284 
Squeegeeing,  39,1 

Stage,  mechanical,  for  microscope,  20 
Staining,  65.  See  also  Slains. 
dilTerential,  ()5,  67 
dishes,  27 
Coplin,  28 
crystallizing,  28 

glass  ash  trays  and  nappies  or  linger 
bowls  as,  28 
Mejunkin,  27,  28 
Stender,  28 

nature  and  purpose  of,  65 
steps  in,  68 
supravital,  189 
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Stains,  (>5 

arid  alum  hematoxylin,  7.i 
ac  id  file  hsin, 

and  lifiht  ^reen,  for  neuroglia  c'hangcs, 
24() 

and  methyl  green,  for  pancreas,  211 
and  picric  acid,  lor  collagen  and 
reticulum,  l.s2 
aniline,  <>2 

for  tihroglia  lihrils,  1  .SI 
acid  polychrome  methylene  blue,  K.S 
alpha-naphthol  jiyronine,  for  oxidase 
granules  of  blood,  186 
for  oxidase  granules  of  bone  marrow 
l<tg  ’ 

Altmann  s  aniline  acid  fuchsin,  b2 
Altmann-Kull,  for  mitochondria.  111 
alum  carmine,  78 
cochineal,  78 
hematoxylin,  71,  72 
add,  78 

and  azure  II  eosin,  for  bone  marrow 

1% 

aqueous,  70 

for  frozen  sections,  85 

for  mucin,  128 

for  sodium  urate  crystals,  145 
Alzheimer’s,  for  granules  in  neuroglia 
cells,  247 

light  green-acid  fuchsin,  for  neuroglia 
changes,  246 
aniline  acid  fuchsin,  92 

blue,  for  collagen,  158,  154,  155 
for  pancreas,  210 
gentian  violet,  89 
safranine,  90 

azocarmine,  for  collagen,  154 
azure  II  eosin  and  alum  hematoxylin,  for 
bone  marrow,  196 
Babes’  aniline  safranine,  90 
bacterial,  269 

Bailey’s,  for  neuroglia  fibrils,  248 
Benian’s,  for  treponemas,  290 
Bennhold’s  Congo  red,  for  amyloid,  188 
Bensley’s  acid-fuchsin-methvi  green,  for 
pancreas,  211 

neutral  crystal  violet,  for  pancreas, 
2(}^) 

benzidine,  for  oxidase  granules  of  blood 
187 

of  bone  marrow,  200 
for  paraffin  sections  of  bone  marrow 
201 

for  peroxidase  granules,  188 
Berlin  blue,  for  iron,  187 
Bpt’s  carmine,  for  glycogen,  80,  126 
Bielschowsky’S’  for  neurolibrils  in  sections, 

for  reticulum,  157 

foot’s  modification,  161 
Alaresch’s  modifu  ation,  158 
i’erdrau’s  modification,  160 
Biondi-1  Icidenhain,  98,  94 
Bismarck  brown,  91 


Stains,  Bodian’s,  for  nerxc  libers  and  ncr\i- 
endings  in  [)aral'lln  se(  lions,  228 
borax  carmine,  alcoholic,  79 
melhvlene  blue,  80 
bol  I  les  for,  28 

Biirri  s  India  ink,  for  Ireponemas,  291 
Buzzi’s,  for  eleidin,  260 
(  ajal’s  gold  chloride  sublimalc,  for  astro¬ 
cytes,  248 

uranium  nitrate  method,  for  (iolgi  ap- 
paratus,  115 

carbol  crystal  \  iolet,  278 
fiu  hsin,  88 
gentian  violet,  6() 
carmalum,  78 
carmine,  alcoholic,  79 
alum,  78 

borax,  alcoholic,  79 
for  glycogen,  80,  126 
for  monosodium  urate,  14t) 
lithium,  80 
carminic  acid,  77 
Ciaccio’s,  for  lipoids,  121 

>411x00,  for  (lolgi  apjiaratus, 

cochineal,  77,  78 
Congo  red,  <>2 

for  amyloid,  188 

copjier  hematoxylin,  for  pituitary  gland, 
265 

Cowdry’s^  copper  hematoxylin,  Mac- 
Callum’s  modification,  for  pituitary 
gland,  265 
crystal  violet,  89 
carbol,  278 
for  amyloid,  184 
ncLitral,  for  pancreas,  209 
Da  Fano’s  cobalt  nitrate,  for  (lolgi  apiia- 
ratus,  112 

Weatherford’s  modification 
118 

del  Ri'o-llortega’s.  See  under  A’m- 
IlLirtr^a. 

Delalielfl’s  alum  hematoxylin,  71 
differential,  65,  67 
pro[)erties  of  tissue  as  factor,  67 
tissue  elements  subject  to,  66,  (>7 
digitonin,  for  cholesterol,  124 
dyes,  artificial,  65,  82 
natural,  65,  66 

l•.hrlic  h’s  acid  alum  hematoxylin,  78 
aniline  gentian  violet,  8't 
tor  mast  cell  granules  in  seitions,  174 
su[)ra\ital  meth3'lene  blue,  fur  nerve 
libers,  224 

trku  id,  for  blood,  185 
eosin  and  methyl  blue,  for  axis  cylinders 
226 

tor  Negri  bodies  in  smears,  285 
for  neuroglia  changes,  245 

methylene  blue,  for  pancreas, 

eosin  V  f water-soluble  eosin),  <>1 
Feulgcn’s,  for  thymomu  leic  acid,  147 
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Stains,  Fisrliler’s,  for  fatty  acid  crystals 
and  soaps,  120 

I'ontana’s  ammoniacal  silver  nitrate,  for 
treiionenias,  2dl 

I'onlana-'rribondcau,  for  treponemas,  201 
for  acid-fast  liacilli  in  smears,  275 
for  actinomycctes,  27(S 
for  adrenal  glands,  266 
for  amebas,  265 
for  amyloid,  151 
for  astrocytes,  256 
for  axis  cylinders,  224 
for  bacteria,  266 
for  Balantidium  coli,  206 
for  blood,  ISO 
supravital,  161 
x’cssels,  180 

of  nervous  system,  256 
for  bone,  172 
marrow,  164 
for  calcium  deposits,  145 
for  cartilage,  172 
for  caseation,  146 
for  cellulose,  155 
for  central  nervous  system,  217 
for  cholesterol,  124 
crystals,  155 

for  chromaflin  system,  267 
for  circulatory  system,  17S 
for  cloudy  swelling,  148 
for  collagen,  152 
for  connective  tissue,  1 50 
of  nervous  system,  256 
for  corpora  amylacea,  155 
for  degeneration  products,  148 
for  digestive  system,  205 
for  ear,  258 
for  elastic  fibers,  168 
for  Endamoeba  histolytica,  206 
for  endocrine  system,  262 
for  excretory  system,  212 
for  eye,  258 

for  fats  and  fat-like  substances,  116 
for  fibrin,  165 
for  libroglia  fibrils,  151 
for  frozen  sections,  55 
for  gastro-intestinal  tract,  204 
for  genital  system,  female,  215 
male,  215 

for  glomus  coccygeum,  268 
for  (lolgi  apparatus,  112 

for  glycogen,  126 

for  tniarnieri’s  bodies,  287 

for  heart,  178 

for  hemofuscin,  156 

for  hemosiderin,  156 

for  hyaline  substances,  125 

for  inclusion  bodies,  284 

for  inorganic  substances,  142 

for  intestine,  204 

for  iron,  157,  142 

for  kidticy,  212 

for  lead,  145 

for  leprosy  bacilli,  276 


Stains  for  lipoids,  121 
for  liver,  206 
for  lung,  202 
for  lymph  nodes,  202 
for  malarial  parasites,  267 
for  mast  cells,  1 74 
for  microglia,  254 
for  microphotography,  560 
for  mitochondria,  110 
for  mitotic  figures,  108,  106 
for  molds,  280 
for  mucin,  128 
for  muscle  tissue,  177 
for  myelin,  125 
for  myelin  sheaths,  226 
for  necrosis,  148 
for  Negri  bodies,  284 
for  nerve  cells,  220 
fibers,  222 
for  neuroglia,  256 
for  Nissl  or  tigroid  substance,  220 
for  nuclei,  65,  107 
for  oligodendroglia,  255 
for  organic  substances,  147 
for  oxidase  granules  in  blood,  185-187 
of  bone  marrow,  166,  200 
for  pancreas,  208 

for  paraffin  sections,  preliminary  steps,  68 
for  parasitic  worms,  501 
for  parathyroid  glands,  262 
for  pigments,  155 
of  nerve  cells,  221 
for  pineal  body,  265 
for  pituitary  gland,  264 
for  plasma  cells,  175 
for  plastosomes,  1 10 
for  protozoa,  265 
for  reproductive  system,  213 
for  respiratory  system,  202 
for  reticulum,  152 

for  Rickettsiae  and  Rickettsia-like  organ¬ 
isms  in  tissues,  281 
for  salivary  glands,  204 
for  skin  and  appendages,  256 
for  soaps,  120 
for  special  organs,  178 
for  Spirochaetales,  288 
for  spleen,  202 
for  starch  granules,  155 
for  stomach,  204 
for  teeth,  205 
for  thymus,  265 
for  thyroid  gland,  262 
for  4'reponema  pallidum,  288 
for  tubercle  bacilli  in  sections,  276 
for  yeasts,  280 

fuchsin,  88  .  .  ,  ■ 

fuchsin,  acid.  See  Slaiiis,  (whl  Jnclisin. 
carbol,  88 
for  hemofuscin,  156 
for  mucin,  151 

(labbett’s  methylene  blue,  85 
gentian  violet,  86,  60 
aniline,  86 
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Stains,  (licnisa’s,  l\ir  lilood,  l,S,t 

lor  protozoa  and  hat  tcria  in  sci  lions 
2')') 

tor  l'ro|)oiu'ma  |)allidum  in  smears,  2't() 
rapid  met  hod,  2'X) 

Wolhai  h’s  modiluation,  lO.s 

lor  l)ai  tcria  in  i)araliin  sei  tions,  271 
Kold,  <t.s 

,a:old  chloride  suhlimate,  fur  aslrocvles 
24't  ■  ■ ' 

^  for  neurons,  rai)id  method,  21') 

(■omOri’s  silver  impref;nalion,  for  relic 
Ilium,  U)4 

siK'er  nil  rate,  for  insoluble  lime  salts 
144 

( ;ood|)asture's,  274 
ac  id  iHilychrome  methylene  blue,  .S5 
eosin  melhc'lene  blue,  lor  (lancreas,  21)') 
Macthillum’s  modifical ion,  for  dram 
jiositive  and  dram  negative  bacteria, 

2  /  4 

diaham  s  alpha  iia|)hl  hoi -|)yronine,  for 
oxidase  granules  of  blood,  bSO 
for  oxidase  granules  ol  bone  marrow 
1 ')') 

benzidine,  lor  oxidase  granules  of  blood 
bS7 

for  oxidase  granules  ol  bone  marrow 
200 

dram  s,  for  bacteria  in  smears,  271 
(ilynn's  modilication,  for  bacteria  in 
paraflin  sections,  27,i 
tiram-W  eigert,  for  bacteria  in  sections 
272 

< irenac  her  s  alcoholic,  borax  carmine,  7') 
alum  carmine,  7.S 
alum  cochineal,  7<S 

(•ros-Schultze's  siher,  for  axis  c \linders 
anc|  nerve  terminals,  227 
Harris’  alum  hematoxylin,  72 
lleidenhain’s  aniline  blue,  for  collatren 
154  ’ 

iron  hematoxylin,  74 
hematein.  O') 
hematoxylin,  00-77 
hernato.xj’lin,  acid  alum,  7,i 
alum.  .See  Slaiiis,  uluni  hrmnloxxlin. 
c<)[)pcr,  for  pituitary  gland,  20.5  ' 
for  amebas,  2')!') 
lor  connective  tissue,  150 
for  fatty  aeicis  and  soaps,  121 
for  iron  and  for  c opjeer,  l.i') 
for  lead.  Id.-t 

for  myelin  sheaths,  2,\'i,  2.'i5 
iron,  74 
(  hloride,  75 

for  myelin  sheaths,  74,  >.M 
lead  c  hloride,  for  axis  cylinders,  22<> 
lithium,  for  myelin  sheaths,  2,'i.'i 
phosphcjmolyb'lic  ac  ici,  lor  collagen,  150 
lor  neuroglia  changes,  245 
phosphotungstic  ac  id,  70 
for  mitochonciria,  1  1 1 
for  neuroglia  fibrils,  241 


Stains,  I  lerxlieimer's  scarlet  red,  ll,S 
llorlega's.  See  iimler  l\io-ll<iilr^^(t. 

India  ink,  for  treponemas,  2')1 
ioditu',  (SI ,  S2 

and  sulfuric  acid,  for  amyloid,  l.vt 
for  amyloid,  142 
for  glycogen,  12() 
green,  for  amyloid,  l,t4 
iron  c  hloride  (ferric)  hematoxylin,  75 
hematoxylin,  74 
for  myelin  sheaths,  74,  2,52 
janus  green,  for  supravil.al  work,  l')l) 
Kopsch’s  osmic  acid,  Kolatschew  and 
Nassonov’s  modilicalion,  for  dolgi  ap¬ 
paratus,  114 

Kefssa’s  silver  nitrate,  for  c  alc  ium,  144 
Kiihne's  methylene  blue,  S5 
Kullschitzky’s  hematoxylin,  2,55 
baicllaw's  silver,  lor  reticulum,  167 
banghans  iodine,  lor  glycogen,  12t) 
lead  chloride  hematoxylin,  for  axis  cyl¬ 
inders,  226 

beiiehnc-l'ic  kworih,  for  study  of  brain 
capillaries,  257 

l.evaditi's,  for  'I'reponema  jcallidum  in 
sections,  2'),5 

light  green-acid  fuchsin,  for  neuroglia 
changes,  246 
lithium  carmine,  SI) 
hematoxylin,  2,5,5 
l.oclller’s  methylene  blue,  S4 
borrain  Smith-'Dietrich,  for  lipoids,  12.5 
bugol's  solution,  SI 

Mallory’s  acicl  fuchsin,  for  tibroglia  fibrils 
151 

aniline  blue,  Hensley’s  modilication,  for 
pancreas,  211) 
lor  collagen,  15,5 
I.ee-Hrown’s  modification,  155 
dilferential,  for  amebas  in  sections 
2')7 

for  tictinomyces,  in  celloiclin  sections 
27') 

in  [)araliin  sections.  279 
luchsin,  for  hemofuscin,  b5() 
hematoxylin,  for  iron  and  for  Conner 
1 ,5<)  “  ’ 

for  lead,  14,5 

iron  chloride  (ferric)  hematoxv'lin,  75 
lead  chloriclc  hematoxylin,  for  axis 
cylinders,  22f) 

phloxine,  for  alcoholic  hvalin,  207 
I>hloxine  and  methylene  blue,  S6,  S7 
for  bacteria  in  sections,  271 
phosphornolybdic  ac  id  hematoxylin,  1  5f) 

■  Mzheimer’s  modilication,  for 
neuroglia  changes,  245 
lor  collagen,  I  5(') 

phosphotungstic  ac  id  hematoxylin,  7() 
for  mitochondria.  111 
for  neuroglia  librils,  241 
Ihionin,  for  alcoholic  hyalin,  207 
Mann’s  eosin-melhyl  blue,  .Klzheimer’s 
modilic  ation.  lor  axis  cyhiKlers,  22() 
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Stains,  Mann’s  eosin-methyl  blue,  Alzhei¬ 
mer’s  moditication,  for  neuroglia 
changes,  245 

Bond's  modification,  for  Negri 
bodies  in  smears,  285 
Alarchi’s,  for  fatty  degeneration  in  ner¬ 
vous  system,  257 

Masson’s  silver,  for  argentaffin  cells  in 
blocks,  205 

trichrome,  for  connective  tissue,  156 
Maximow’s  azure  II  eosin  and  alum 
hematoxylin,  for  bone  marrow,  196 
Mayer’s  acid  alum  hematoxylin,  73^ 
alcoholic  carmine  (paracarmine),  79 
carmalum,  78 
for  amyloid,  154 
muchematein,  129 
mucicarmine,  81,  130 
Mejunkin’s  benzidine,  for  paraffin  sec¬ 
tions  of  bone  marrow,  201 
metallic,  95 

for  central  nervous  system,  248 
gold  as,  95 
osmium  as,  95 
silver  as,  95 

methyl  blue  and  eosin,  for  axis  cylinders, 
226 

for  neuroglia  changes,  245 
for  Negri  bodies  in  smears,  285 
methyl  green  and  acid  fuchsin,  for  pan¬ 
creas,  211 

and  pyronine,  for  bacteria,  271 
for  plasma  cells,  176 
methyl  violet,  88 
methylene  blue,  84,  85 
acid  polychrome,  85 
alkaline,  85 

and  eosin,  for  pancreas,  209 
and  phloxine,  86,  87 

for  bacteria  in  sections,  271 
borax,  86 

polychrome,  85,  175 
supravital,  for  nerve  fibers,  224 
muchematein,  129 
mucicarmine,  81,  150 
neutral  red,  for  siijiravital  work,  190 
Nieto’s,  Ileitzman’s  modification,  for 
'I'rcponema  pallidum,  205 
Nile  blue  sulfate,  for  separating  neutral 
fats  from  other  fats,  1 19 
nuclear,  65,  107 

aniline  dyes  as,  85,  84 
Ogata  (T.  and  A.)  silver  method  for 
chromaffin  cells,  268 
orcein,  81 

for  elastic  fibers,  171 
Orth’s  lithium  carmine,  80 
osmic  acid,  95 
for  fat,  1 18 

for  Oolgi  ai)paratus,  114 
osmium  tetroxide,  95 
Pal’s  hematoxylin,  2,14 
Pal-Weigert,  for  myelin  sheaths,  233 
paracarmine,  79 


Stains,  Penfield’s  combined,  for  oligoden- 
droglia  and  microglia,  254 
phloxine,  for  alcoholic  hyaline,  207 
phloxine  and  methylene  blue,  86,  87 
for  bacteria  in  sections,  271 
phloxine  B,  92 

phosphomolyhdic  acid  hematoxylin,  for 
collagen  and  reticulum,  156 
for  neuroglia  changes,  245 
phosphotungstic  acid  hematoxylin,  76 
for  mitochondria,  1 1 1 
for  neuroglia  fibrils,  241 
picric  acid,  92 

and  acid  fuchsin,  for  collagen  and 
reticulum,  152 
picro-acid  fuchsin,  92 
polychrome  methylene  blue,  85 
for  plasma  cells,  175 
with  acid,  85 

pyridine  and  silver,  for  non-myelinated 
nerve  fibers,  224 
pjTOnine,  90 

and  alpha-naphthol,  for  oxidase  gran¬ 
ules  of  blood,  186 

for  oxidase  granules  of  bone  marrow, 
199 

and  methyl  green,  for  bacteria,  271 
for  plasma  cells,  176 

Ranson’s  pyridine  silver,  for  non-myelin¬ 
ated  nerve  fibers,  224 
Regaud’s,  for  mitochondria,  1 10 
hematoxylin,  156 

Rio-Hortega’s  silver  carbonate,  for  astro¬ 
cytes,  250 
for  microglia,  255 
for  oligodendroglia,  253 
for  pineal  body,  263 
for  reticulum,  Foot’s  modification, 
165 

Ross’,  for  malarial  parasites,  298 
safranine  O,  90 
aniline.  Babes’,  90 
for  mitotic  figures,  109 
Sahli’s  borax  methylene  blue,  86 
Sato’s,  for  peroxidase  granules,  188 
of  bone  marrow,  200 
scarlet  red,  for  fat,  117,  118 
Schleifstein’s,  for  Negri  bodies  in  sections, 
286 

Schmorl’s,  for  chromaffin  cells,  268 
for  lacunae  and  canaliculi  of  bone,  172 
Schultz’s,  for  cholesterol,  124 
Schultz-Schmidt,  for  monosodium  urate, 
146 

silver,  95 

for  argentaffin  cells  in  blocks,  205 
for  chromalfin  cells,  268 
for  collagen  and  reticulum,  157-168 
siK  er-agar,  for  treponemas  in  smears,  292 
203 

silver  carbonate,  for  astrocytes,  250 
for  microglia,  255 
for  oligodendroglia,  253 
for  pineal  body,  263 
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iMains,  !;il\cr  nitrali-.  amtnoiiiacal,  for  col¬ 
lagen,  loo 
for  treponemas,  2'>1 
and  agar,  for  treponemas  in  smears 
2‘)2 

and  ip-ridine,  for  non-mj-clinated 
nerve  libers,  224 

for  axis  cylinders  and  ncr\e  ter¬ 
minals,  227 
for  calcium,  1 44 
for  insoluble  lime  salts,  144 
Smith-Dietrich,  for  lipoids,  123 
Smiths  ( \\  .  11.1,  tor  bacterial  capsules  in 
sections,  273 

Spielmex'er  s.  for  myelin  sheaths  in  frozen 
sections,  237 

Stirling’s  gentian  violet,  00 
Sudan  I\‘,  for  fat,  117 
supravital,  ISO 

Taenzer-l'nna  orcein,  for  elastic  fibers.  171 
thionin,  90 

for  alcoholic  hyalin,  207 
for  frozen  sections,  35 
for  mucin,  130 
toluidine  blue,  01 

for  frozen  sections,  35 
for  Xissl  substance,  220 
triacid,  for  blood,  185 
trichrome,  for  connective  tissue,  156 
l  urnbull’s  blue,  for  hemosiderin,  138 
Lnna’s  alkaline  methylene  blue,  85 
differential,  for  mast  and  plasma  cells 
in  sections,  175 

for  mast  cell  granules  in  sections,  175 
_  polychrome  methylene  blue,  85 
Unna-rappenheim’s  methyl  green  pyro- 
nine,  for  bacteria,  271 
for  plasma  cells,  176 

uranium  nitrate  method,  for  (iolgi  anna- 
ratus,  115 

van  (iieson’s  picric  acid  and  acid  fuchsin, 
for  collagen  and  reticulum,  152 
picro-acid  fuchsin,  02 
\\  illiams’  modification,  for  X’egri  bodies 
in  smears,  285 

Verhoeff’s  carbol  fuchsin,  88 
for  elastic  tissue,  170 
W  arthin-Starry’s  silver-agar,  for  trepon¬ 
emas  in  smears.  202 
Heitzman’s  modification,  203 
Weigert’s  differential,  for  fibrin,  103 
for  neuroglia  fibrils,  241 
for  elastic  fibers,  168 

Hart’s  modification,  160 
for  myelin  sheaths,  231 

Kultschitzky’s  modification,  231 
234 

I’al’s  modification,  233 
Wolter’s  modification,  235 
hematoxylin,  121 
iron  hematoxylin,  74,  232 
lithium  hemato.xylin,  233 
U'iesel’s,  for  chromaffin  cells,  267 
Wilder’s  silver,  for  reticulum,  163 


Slains,  \\  indaus’  digitonin  melhod,  for 
cholesterol,  124 

i nkler  .Sell u  1 1 ze,  for  oxidase  granules  of 
blood,  185 

of  bone  marrow,  100 
Wolbach  and  I’inkerton’s,  for  rirkettsiae 
282  ’ 

Wright’s,  for  blood,  181 

denionstralion  of  Ireiionema  pal¬ 
lidum  with,  280 
for  malarial  parasites,  208 
for  megakar^■o(  ytes  and  blood  platelets 
107  ' 

for  myelin  sheaths  in  frozen  sections 
230  ’ 

Ziehl-Xeelsen’s  carbol  fuchsin,  88 
Starch  granules,  stains  for,  133 
Starry  and  Warthin’s  silver  agar  method 
for  treponemas  in  smears,  202 
Stem  cells  after  supravital  staining,  102 

after  Wright’s  stain,  182 

Stender  staining  dishes,  28 
Stirling’s  gentian  violet,  00 
Stomach,  gross  specimens,  preserving,  370 
removal  and  examination  of,  en  bloc  tech¬ 
nique,  330,  341 
en  masse  technique,  344 
Rokitansky’s  technique,  340 
\  irchow’s  technique,  320 
staining  of,  204 

Storage  of  microscopic  slides,  20,  30 
Stropping  of  microtome  knives,  25 
Suction  apparatus  for  autopsy,  310 
Sudan  IV  for  fats,  1 1  7 
Sudden  death,  autopsy  in,  314,  324 
'5ugar  solution  method  for  concen  trating  ox-a 

Sulfhemoglobin,  135 
Sulfhemoglobinemia,  135 
Sulfmethemoglobin,  135 
Sulfosalicylic  acid  in  decalcitication,  50 
Sulfur  granules,  278 

Sulfuric  acid  and  iodine  for  amyloid,  1,13 
Sulfurous  acid  in  decalcitication,  50  ’ 
water  for  washing  sections,  147 
Supravital  staining,  180 

methods  and  results  for  blood,  101 
for  tissues  and  exudates,  102 
pref)aration  of  glassware,  180 
solutions  used,  100 
Sutures  for  body  after  auto[)sy,  373 
Suzuki’s  method  for  serial  celloidin  sections 
64 

Sweat  glands,  262 
Swelling,  cloudy,  study  of,  148 
Syphilis,  examining  epii)hyseal  line  for,  372 
organism  of.  See  Treponema  pallidum. 


'r.\nu:,  autopsy,  308 
dissecting,  300 

toj)s,  blackening  of,  method  for,  304 
t  ables  of  weights  and  measurements,  37-1 
Taenia  echinococcus,  identili(  ation  of’,  302 
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'I'acnia  saRiiiata,  idcntihcation  of,  302 
solium,  identification  of,  302 
d'acnzer-Unna  orcein  method  for  elastic 
fibers.  171 

'I'andler’s  Iluid  gelatin  for  injections,  lO.S 
Tank  for  photographing  specimens,  385 
'fapeworms,  identification  of,  .^02 
Teased  specimens,  preparation  and  exam¬ 
ination,  31 
Teeth,  study  of,  203 

Weatherford’s  modilication  of  Da  Fano’s 
cobalt  nitrate  method  for,  113 
Tellyesniczky’s  solution  as  fixative,  42 
Tentorium,  cerebelli,  inspection  and  removal 
of,  in  newborn,  369,  370 
Terpineol  balsam  for  solid  mounts,  101 
Testes,  removal  and  examination  of,  en 
bloc  technique,  343 
en  masse  technique,  345 
Rokitansky’s  technique,  349 
Virchow’s  technique,  335 
staining  of,  213 
weight  of,  375 
'I'hionin,  90 

for  frozen  sections,  35 
for  mucin,  130 

Mallory’s,  for  alcoholic  hyalin,  207 
Thoracic  contents,  inspection  of,  321 
duct,  examination  of,  336 
organs,  removal  ancl  examination  of  en 
bloc  technique,  338,  340 
en  masse  technique,  344 
Rokitansky’s  technique,  345 
Virchow’s  technique,  322 
Thorax,  opening  of,  320 
Thrush,  280 

'rhymonucleic  acid,  I’eulgen’s  stain  for, 
147 

Thymus,  staining  of,  263 
weight  of,  375 

Thyroid  gland,  removal  of,  328 
staining  of,  262 
weight  of,  375 

Tigroid  substance,  stains  for,  220 
Tinea,  281 

"I  irmanii  and  Schnielzer’s  lurnbull  blue 
method  for  hemosiderin,  137,  138 
'I'issue  elements  stainable  by  artificial  dyes, 
82 

by  hematoxylin  and  metals,  69 
subject  to  differential  staining,  66,  67 
d'issues,  special,  study  of,  150 
suijravital  staining,  192 
unfixed,  preparation  and  examination  of, 
31 

Toluidine  blue,  91 

for  frozen  sections,  35 
for  Nissl  substance,  220  ^ 

'I'oluol  as  clearing  reagent,  98 
in  ])araffin  embedding,  53 
'lorula  histolytica,  staining,  280 
Torulosis,  280 

'I'ransfer  of  sections,  instrument  for,  27 
'I’rematodes,  identification  of,  303 


Treponema  pallidum,  288 

in  sections,  Ileitzman’s  modification  of 
Warthin-Starry  and  Nieto’s  meth¬ 
ods,  for,  293 

Levaditi’s  method  for,  293 
in  smears,  Benian’s  method  for,  290 
Burri’s  India  ink  method  for,  291 
Fontana's  ammoniacal  silver  nitrate 
method  for,  291 

F'ontana-'I'ribondeau  method  for,  291 
(iiemsa’s  method  for,  290 
rapid  method,  290 

Warthin-Strayr’s  silver-agar  stain  for, 
292 

Wright’s  blood  stain  for,  289 
locations  where  found,  289 
pertenue,  demonstrating,  294 
Triacid  stain,  Flhrlich’s,  for  blood,  185 
Tribondeau’s  and  Fontana’s  method  for 
treponemas  in  smears,  291 
Trichinella  spiralis,  identification  of,  304 
Trichinosis,  304 

Trichloracetic  acid  in  decalcification,  50 
Trichophyton,  281 

Trichrome  stain,  Masson’s,  for  connective 
tissue,  156 

Tricuspid  valve,  ratio  to  aortic  valve,  374 
Tubercle  bacilli  in  sections,  stain  for,  276 
Tuberculosis,  miliary,  autopsy  in,  314 
Turnbull’s  blue  method  for  hemosiderin,  138 
T3rphus  fever,  283 
Tyrode’s  solution,  397 


Umbilical  cord,  arteries  and  veins,  inspec¬ 
tion  of,  in  newborn,  371 

Undertaker,  cooperation  with,  at  autopsy, 
314 

Unfixed  tissues,  acetic  acid  treatment,  31 
centrifuged  specimens,  31 
fixing,  36 

Uram’s  iodine  solution  for,  o2 
gross  specimens,  31 
hydrochloric  acid  for,  31 
iodine  reaction,  31 
iron  reaction,  31 
macerating  fluids,  32 
preparation  and  examination,  31 
scarlet  red  reaction,  31 
sodium  chloride  solution  for,  j2 
teased  preparations,  31 

Unna’s  alkaline  methylene  blue,  85 

differential  stain  for  mast  and  plasma  cells 
in  sections,  175 
glycerin-ether,  176 
jiolychrome  methylene  blue,  85,  175 
stain  for  mast  cell  granules  in  sections, 
174 

Unna-I’appenheim  methyl  green  j)yromne 
stain  for  plasma  cells,  176 
Saathof’s  modification,  for  bac¬ 
teria,  271 

Unna-'l'aenzer  orcein  method  for  elastic 
fibers,  171 
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rraniiiin  nitrate,  Cajal’s  inelliod  witli, 
( iolf^i  a|)paratus,  1  i  5 
I'ratcs,  stains  for,  145,  140 
I  ro^enital.  See  dcuilo-urinary. 

I  terns,  staining  of,  214 
weight  of,  ,175 


for 


Water,  test  lor  eoinpetein  i  ol  heart  waives 
.125 

W’eat  herlord's  modih(  ation  of  I  )a  I  ano’s 
eohalL  nitrate  method  for  ( iolgi  appa 
rat  us,  112 


W  eigert’s  aniline  xylol  as  clearing 
<18 


reagent. 


\  AcciMA,  (iuarnieri’s  bodies  of.  2(87 
X'agina,  incision  of,  en  bloc  techniiiue,  .1,1b, 
.14,1 

en  masse  lechni(|iie,  ,145 
Rokitansky’s  technirpic,  .14b 
Xirchow’s  techni(|ue,  ,1,15 
\al\es  of  heart,  measurements  of,  normal 
limits,  ,174 

ratio  of  others  to  aortic.  vaKes,  ,174 
x  i'getations.  (  ulturcs  of,  ,174 
water  test  for  competence  of,  ,125 
\  an  ( lieson  s  pic  ric  acid  and  acid  fuchsin 
stain  for  collagen  and  reticulum,  152 
jiicro  acid  fuchsin,  b2 
stain  t()r  .\egri  bodies  in  smears,  Williams’ 
modilication,  2,85 
\  aric  ella,  im  lusion  bodies  of,  2(8,8 
X'ariola,  (luarnicri's  bodies  of,  287 
\  egetations  of  heart  vah  es,  cultures  of, 
.174 

\  eins,  cereliral,  inspection  of  in  newborn, 
.16,8,  ,170 

X'ena  ca\  a.  examination  of,  ,1,1() 

Xerhoett’s  carbol  fuchsin,  ,88 
lixing  reagent  for  eye,  258 
method  for  serial  celloidin  sections,  b,l 
stain  for  clastic  tissue,  170 
X  erocay  s  method  for  remox  al  of  i)reci[)itates 
after  formalin  fixation,  40 
X  ertebral  bone  marrow,  removal  and  exam¬ 
ination  of,  ,1.17,  .140 
X'esicles,  seminal,  stud\'  of,  21,1 
X'incent’s  angina.  2b5  ' 

X  ire  how’s  method  for  cijicning  brain,  ,15() 
for  sec  tioning  brain,  ,l(il 
postmortem  techni(|ue,  ,105  ,1,18 
X  iruses,  liltrable,  284 
X  iscera.  cultures  from,  ,174 
of  adults,  average  normal  weights,  ,175 
ot  inlants  and  c  hihlren.  weights  of,  ,177 
X  ulc  anized  liber  for  mounting  celloidin  sec¬ 
tions,  2b 


X\  artui.v-.Stahk  V  sih  er-agar  stain  for  trepo¬ 
nemas  in  smears,  2b2 
Ileitzman’s  modilication,  2b,l 
XX  ashing  after  dec  alciiication,  48 
after  fixation,  4b 
alcohol,  47 
tap  water,  4b 
Waste  pigments,  141 

XX  atchglass  method  for  mounting  specimens, 
.1,84 

XXater,  distilled,  for  making  fixing  solutions, 

.17 

j8 


borax-jiolassium  ferricyanide,  121 
carbol-xylol  as  clearing  reagent,  08 
dilTerenlial  stain  for  fibrin,  Ib.l 
for  neuroglia  librils,  241 
first  mordant,  2,12 
hematoxylin  .solution,  121 
iron  hcmato.xylin,  74,  2,12 
lithium  hc'matoxylin,  2.1.1 
method  for  mx'elin  sheaths,  2,11 

Kult.schitzky’s  modilication,  2,11 
2.14 


I’al’s  modilication,  2.1,1 
XXolters’  modilication,  2,15 
for  serial  celloidin  sections,  b.l 
methyl  \  iolet,  88,  8b 
modilication  of  (iram’s  stain,  82 

for  iiactcria  in  sections,  272 
neuroglia  mordant,  21  b 
second  mordant,  2,12 
stain  for  elastic  fibers,  11)8 

I  [art’s  modification,  I  (ib 
XX  eiglUs  of  fetus  at  each  month  of  gestation, 
,17b 

of  x’iscera  from  adults,  ,175 
from  infants  ancJ  children,  ,177 
tables  of,  ,174 
XX'cil’s  disease,  2b5 

XX  cissberger  and  (iraupner’s  dioxane  method 
of  embedding  in  iiaraflin,  54 
XX  elch’s  method  for  xvlol  as  clearing  reagent, 
b8 

XX  icsel’s  method  lor  chromaffin  c  ells,  2b7 
X\  ilck’r’s  silver  impregnation  method  for 
retic  ulum,  Ui.l 

XXilliams  modilication  of  xaii  (iie.son’s  stain 
for  .\egri  boclies  in  smears,  285 
XX'indaus’  cligitonin  reaction  for  c  holesterol 
124 

XX  indows  ol  laboratory,  17 
XX  inkler-.Schultze  oxidase  reac  tion  in  blood, 


185 

in  bone  marrow,  Ibb 

for  bacteria  in  paraffin  sections, 
271 

XXolbach  and  Pinkerton’s  method  for 
Rickettsiae  and  Rickettsia-like  organisms 
in  tissues,  282 

XXolbach  s  modilication  of  (liemsa’s  stain 
lb5 

XXolters’  modification  ot  XX'eigert’s  method 
for  myelin  sheaths,  2,15 

XX'ornis,  llat,  ,102 
jiarasitic,  .101 

concentration  melhocis  for  ova,  ,101 
examination  of  feces,  methods,  ,101 
identilic  ation  of,  .102 
round,  .10.1 


INDEX 
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Wounds,  autopsy,  care  of,  .^13 
Wripjlil’s  gelatin  embedding  method  for 
frozen  sections,  ,34 

method  for  myelin  sheaths  in  frozen  sec¬ 
tions,  2,3f) 
stain  for  blood,  181 

demonstration  of  Treponema  pal¬ 
lidum  with,  280 
ditTerential  findings,  182,  18.3 
for  malarial  parasites,  298 
for  megakaryocytes  and  blood  platelets, 
197 


Xanthoma,  monocytes  of,  cholesterol  esters 
in,  21 

Xanthomatosis,  cholesterol  esters  in,  21 


Xylol  and  aniline  as  clearing  reagent,  98 
as  clearing  reagent,  97 
and  carbolic  acid  as  clearing  reagent,  98 
in  paraffin  embedding,  .3,3 

Yaws,  294 

Yeasts,  staining,  280 

Yellow  fever,  inclusion  bodies  of,  288 

Zenker’s  fluid  as  fixing  reagent,  .36,  4,3 
for  central  nervous  system,  216 
paraffin  embedding  after,  53 
removal  of  mercuric  bichloride  de¬ 
posits,  44 

Ziehl-Xeelsen’s  carbol  fuchsin,  88 
Zymogenic  cells  of  stomach,  205 
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